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I. REAL PARTY IN INTEREST 

The present application has been assigned to Hillerich & Bradsby Co., having a principal 
place of business at 800 West Main Street, Louisville, Kentucky, 40202. Hillerich & Bradsby 
Co. owns the exclusive right, title and interest in and to the present patent application and 
therefore is the real party in interest. An assignment to Hillerich & Bradsby Co. is recorded at 
reel number 015174 and frame number 0668 and has an effective recordation date of March 30, 
2004. 

II. RELATED APPEALS AND INTERFERENCES 

Neither Applicant, Hillerich & Bradsby Co. nor their legal representative is aware of any 
related appeals or interferences which will directly affect or be directly affected by, or have any 
bearing on the Board's decision in the present appeal. 

III. STATUS OF THE CLAIMS 

The status of the claims currently pending is as follows: 

Allowed claims: none 

Claims Canceled: Claims 14-24 

Claims objected to: none 

Claims rejected: 1-13 and 25-36 
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IV. STATUS OF AMENDMENTS 

Claims 1-13 and 25-36 are the subjects of the present appeal. No other claims are 
pending in the present application. The application was filed on March 30, 2004 with a 
restriction requirement mailed on December 6, 2005. Follo wing election of the pending claims, 
the Examiner mailed a non-final rejection on March 27, 2006. In the subsequent response by 
Applicant, Claim 1 was amended and Claims 25-35 were added. A final rejection was mailed on 
October 17, 2006. Following an interview, Office Action Response C amended Claim 1 and 
added Claim 36. Subsequently on February 16, 2007, the Examiner removed the final rejection 
and mailed a non-final rejection. Applicant responded on April 2, 2007 wherein Claims 35 and 
36 were amended substantively. On June 14, 2007, the Examiner mailed out a second final 
rejection. Applicant filed a request for a continued examination (RCE) on October 31, 2007 
wherein Appellant amended Claims 1, 12, 25, 32, 33, 35 and 36 (Office Action Response E; 
October 3 1, 2007). Independent Claims 25 and 34 and the remaining dependant claims were not 
amended in that response. The Examiner mailed a non-final rejection on January 24, 2008. 
Follo wing this rejection, during a brief telephone conversation, the Examiner suggested 
Applicant file an appeal. No claim amendments have been made following the pending 
rejection. Since these claims have been at least twice rejected, the case is ripe for appeal 
according to MPEP §1204 and under 37 CFR §41.3 1. Applicant filed a Notice of Appeal on 
June 23, 2008. 
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V. SUMMARY OF CLAIMED SUBJECT MATTER 

The present invention, as detailed in the specification and in the claims, is directed to an 
automatic leveling fixture which positions baseball bats of differing diameters for engraving by, 
for example, laser. The fixture consistently positions or "levels" the surface of baseball bat s a 
distance from, or elevation relative to, an engraving laser regardless of the bat diameter, which 
differs based on the size of bat being engraved. See Application paragraph [0006] page 1, lines 
16-20; see also paragraphs [001 1] page 2, line 25-[0013] page 3, line 3. 

By way of background, it is wel l known to engrave baseball bats, for example wooden 
bats, during manufacturing. It is also desirable to personalize engravings for such bats. See 
Application paragraph [0007] page 1, line 22-page 2, line 4. Since laser engravers must be at a 
consistent distance from the bat surface for proper focusing, it is important to position the bat at a 
preselected distance from laser engraver. See Application paragraph [0008] page 2, line 12. 
However, this is made difficult by the fact that baseball bats may vary in weight, length and 
therefore diameter. With a laser at a preselected position and a differing diameter for each of, for 
example, a first bat and a second bat, one skilled in the art will realize that the bat surfaces will 
be at different distances from the laser engraver. See Application paragraphs [0008-0009] page 
2, lines 5-21 . The present invention overcomes this problem by positioning a bat some 
preselected distance from the laser engraver, no matter what diameter baseball bat is being 
engraved. See Application paragraphs [001 1] page 2, line 25-[0013] page 3, line 3. 

Referring to the various Figures of the pending Application, the automatic leveling 
fixture [10] of Claim 1 comprises a base [14] having at least one jaw slidably [20 or 22] 
connected to the base [14]. See Application paragraph [0025] page 4, line 21-page 5, line 3; 
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Figures 1-3 and 6-8. A base plate [16] is also vertically slidable relative to the base [14]. See 
Application paragraph [0033] page 8, lines 8-12. The at least one jaw [20 or 22] has an angled 
base plate camming surface [60] engaging the base plate [16] causing the at least one jaw [20 or 
22] to move a preselected distance relative to a distance moved by the base plate [16]. See 
Application paragraph [0033] page 8, lines 4-12. When the jaws [20, 22] move some distance, 
the base plate [16] moves a corresponding distance. Alternatively stated, when the base plate 
[16] moves a distance, the jaws [20, 22] move some corresponding distance. See Application 
paragraphs [0033] page 8, lines 1-12 and [0035] page 8, line 30-page 9, line 20. The jaws [20, 
22] are spring biased [58] causing the jaws to move inwardly and the base plate [16] to move up 
for a smaller diameter bat and oppositely for a larger diameter bat. Therefore the automatic 
leveling fixture [10] always compensates for lateral and vertical positioning no matter what 
diameter bat is to be engraved. See Figures 7 and 8. A bat [12] is also positively recited as an 
element of Claim 1. 

Similarly, independent Claim 25 also recites a first jaw [20] and a second jaw [22] biased 
toward the base plate [16] wherein each jaw has an inwardly directed base plate camming 
surface [60] directing the base plate [16] a preselected distance in relation to movement of the 
jaws [20, 22]. See Application paragraphs [0032] page 7, lines 25-[0033] page 8, line 12. A bat 
[12] is also claimed in combination with fixture of Claim 25. See Figure 1. 

Independent Claim 32, in addition to the base [14], at least one jaw [20 or 22] and base 
plate [16] also recites an angled camming surface [60] operably engaging the base plate [16] and 
the at least one jaw [20 or 22] to retain bats of varying diameter at equal elevations regardless of 
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the bat diameter. See Application paragraph [0034] page 8, line 24; See Figures 7 and 8 also. A 
bat [12] is also a positively recited claim element. 

Independent Claim 33 recites a base [14], at least one jaw slidable [20 or 22] through a 
horizontal plane, a base plate [16] slidable through a vertical plane and an angled camming 
surface [60] extending between the at least one jaw [20 or 22] and the base plate [16] providing 
motion of the base plate [16] relative to the at least one jaw [20 or 22] and further wherein the 
base plate [16] is movable relative to the base [14], the at least one slidable jaw [20 or 22] and 
the angled camming surface [60]. See Application paragraphs [0025] page 4, line 21-page 5, line 
6, [0033] page 8, lines 1-12, [0035] page 8, line 29-page 9, line 20 and Figures 7 and 8. 

Claim 34 further recites a bat [12] in addition to a marking device [11] and further recites 
that the first and second jaw [20, 22] receive the bat [12] and the base plate [16] modifies the 
vertical position of the bat [12] to maintain an equal distance of the bat [12] to the marking 
device [11] regardless of the bat diameter. See Application paragraphs [0033] page 8, lines 1-12, 
[0035] page 8, line 29-page 9, line 20 and Figures 1, 7 and 8. 

Claim 35 recites a fixture comprising a pair of slidable jaws [20, 22], a camming surface 
[60] engaging the pair of jaws [20, 22] and the base plate [16] and further that the base plate [16] 
is movable relative to the base [14], camming surface [60] and pair of jaws [20, 22]. See 
Application paragraphs [0033] page 9, line 1-12, [0035] page 8, line 29-page 9 line 20 and 
Figures 7 and 8. 

Claim 36 recites a base plate camming surface [60] extending from the opposed jaws 
[20, 22] and engaging the base plate [16] causing the jaws [20, 22] to move a preselected 
distance relative to the distance moved by the base plate [16]. See Application paragraphs 
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[0032] page 7, lines 25-29, [0033] page 8, lines 1-12 and [0035] page 8, line 29-page 9, line 20 
and Figures 7 and 8. 

The dependent claims are argued to be allowable based on the dependence from 
allowable independent claims. In addition, specific dependent claims are argued specifically and 
support for those claims is provided herein. Claim 6 recites a jaw channel [40] and is taught at 
paragraph [0028], page 6, lines 4-13. See also Figure 6. Claim 11 recites a tapered receiving 
surface [72] and is taught at [0034], page 8, lines 19-24. See also Figure 4. Claims 12 and 27 
recite camming rollers [46] which are taught at paragraph [0030], page 7, lines 1-8. See also 
Figure 5. Claim 26 recites guide posts [18] which are recited at paragraph [0029], page 6, lines 
19-29. See also Figure 3 and 5. Claim 28 recites tangential contact of the bat [12] and jaws 
[20,22] and base plate [16] at paragraph [0035], page 9, lines 9-11. Claim 30 recites a ratio of 
slope in the camming surfaces [60] of two-to-one (2:1) at paragraph [0032], page 7, lines 25-29. 
VI. GROUNDS OF REJECION TO BE REVIEWED ON APPEAL 

A Whether Claims 35-36 are improperly rejected under 35 U.S.C. §103(a) as being 
unpatentable over Sano el al. (U.S. Patent No. 6,705,372 - hereinafter " Sano "). 

B. Whether Claims 1-13 and 25-36 are improperly rejected under 35 U.S.C. §103 (a) as 
being unpatentable over Sano and further in view of Comulada et al (U.S. Patent No. 
5,905,566 - hereinafter " Comulada "). 

C. Whether Claims 1-13 and 25-36 are improperly rejected over Sano in further view of 
Comulada and Baum (U.S. Patent No. 5,458,330). 

D. Whether the Examiner's statements in the "Examiner' s Response" section of the 
January 24, 2008 Office Action are accurate. 
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The designations "A - D", above, correspond to the designations A-D in the Arguments 
Section VII, further herein. 
VII. ARGUMENTS 

For convenience, Appellant has attached in the Evidence Appendix as Exhibit A copies 
of the references relied upon by the Examiner in the pending rejection, dated January 24, 2008. 

A. §103 Rejection of Claims 35-36 over Sano 

The Examiner has rejected Claims 35-36 under 35 U.S.C. §103(a) as being 
unpatentable over Sano et al (U.S. Patent No. 6,705,372). Appellant respectfully disagrees with 
the Examiner's allegations for the following reasons. 

Regarding Claims 35 and 36, the Examiner's cited reference Sano (1) fails to 
provide every element of the pending claim and (2) the Examiner also fails to make a prima facie 
showing of obviousness for various other reasons. 

1 . A fundamental principle of patent law provides that "[t]o establish prima 
facie obviousness of a claimed invention, all claim limitations must be taught or suggested by the 
prior art. In re Royka, 490 F2d 981, 180 USPQ 580 (CCPA 1974). All words in a claim must be 
considered in judging the patentability of that claim against the prior art. In re Wilson, 424 F2d 
1382, 1389, 165 USPQ 494, 496 (CCPA 1970)." See MPEP 2143.03 (emphasis added). Thus in 
order to have any expectation of rejecting the claims over a single reference or a combination of 
references, each limitation must be taught somewhere in the applied art. In this case, the applied 
prior art reference does not teach every limitation of the claims. 
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Claim 35 recites, in part: 

a camming surface engaging said pair of slidable jaws and a base 
plate, said base plate movable relative to a fixture base, said camming 
surface and said pair of jaws. 

Sano fails to provide (a) a camming surface engaging the pair of slidable jaws 
[42] and a base plate [41a]. The Examiner apparently alleges that Sano element [42] is a 
camming surface - in the Response to Arguments Section of the January 24, 2008 Office Action, 
page 4. However, the only portions of elements [42] which could seemingly be considered 
camming surfaces are the horizontal "arms or extension" extending from the vertical portion of 
element [42]. Since the vertical portion or jaws [42] are positioned between, or separate, the 
extensions and the alleged base plate [41a], the horizontal arms or extensions do not engage both 
the slidable jaws [42] and the base plate [41a] as required by the claim. 

Sano also fails to provide a movable base plate, as acknowledged by the 
Examiner at page 2, last full paragraph of the January 24, 2008 Office Action. Moreover, the 
non-existent movable base plate cannot also move relative to the fixture base, camming surface 
and pair of jaws, as required by the claim limitation. Therefore, the inter-relationship between 
the movable base plate, pair of jaws, camming surface and fixture base is not taught by Sano . 
Claim 36 recites, in part: 

a base plate camming surface extending from said opposed jaws and engaging 
said base plate causing said jaws to move a preselected distance relative to a 
distance moved by said base plate. 

Sano fails to provide a base plate camming surface extending from the opposed 

jaws [42] and engaging the base plate [41a], since the horizontal arms extending from jaws [42] 

away from base plate [41a] and therefore do not engage the alleged base plate [41a]. Sano also 
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fails to provide a base plate which moves. The Examiner acknowledges such in her Office 
Action, page 2, last paragraph. Therefore, Sano also fails to provide a camming surface which 
causes the jaws [42] to move a preselected distance relative to the distance moved by the base 
plate [41a]. 

2. In rejecting both of Claims 35 and 36 , as well as the independent claims 
described further herein, the Examiner alleges that it would have been obvious to make the Sano 
base plate [41a] movable. Appellant respectfully disagrees and asserts that the Examiner has 
failed to make a prima facie showing of obviousness for the following reasons: (a) Sano teaches 
away from the claimed invention; (b) the Examiner's proposed modification would render Sano 
inoperable for its intended use; (c) there is no teaching or suggestion for the modification 
proposed by the Examiner, apart from the Appellant's disclosure; and therefore (d) the Examiner 
has made a hindsight rejection. 

a) It is a well-established principle of law that a prima facie case of 
obviousness may not properly be based on a reference which teaches away from the present 
invention as recited in the claims. 

"A reference may be said to teach away when a person of ordinary skill, 
upon reading the reference, would be discouraged from following the path set out in the 
reference, or would be led in a direction divergent from the path that was taken by 
applicant. In re Sponnoble, 160 USPQ 237, 244 (CCPA 1969). As "a useful general rule 
... a reference that 'teaches away' cannot create a prima facie case of obviousness " In re 
Gurjey, 3 1 USPQ2d 1 130, 1 132 (Fed. Cir. 1994). "[W]hen the prior art teaches away 
from combining certain known elements, discovery of a successful means of combining 
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them is more likely to be nonobvious." KSR International Co. v. Teleflex Inc., 550 U.S. 
, ; 127 S.Ct. 1727, 1741 (2007), citing U.S. v. Adams, 383 U.S. 39 (1966). 

Sano teaches away from the claimed invention. Sano teaches a "fixed clamp" [11] which 
is contrary to the proposed movement alleged by the Examiner at Col. 5, lines 52-58; see also 
Col. 6, lines 46-58. A fixed clamp body [13] is configured with the fixed clamp [11]. See Col. 
6, lines 46-47. The tube guide [40] is shown in Figure 7 of Sano having bolt holes at lateral ends 
of the body [41] which fix the tube guide [40] in a specific position. "A tube guide 40 for 
accurately setting the tubes is fixed to the body cover 14 of the fixed cl amp 1 1." Col. 7, lines 40- 
41. Clearly, Sano teaches these fixed elements in the apparatus base which provide for accurate 
positioning of the tubes being joined. 

To the contrary, the Examiner alleges element [41a] to be the claimed base plate, and 
further alleges it would be obvious to make this base plate [41a] movable. However, the alleged 
base plate [41a] is fixed with the other portion of the tube guide [40] in the fixed clamp [11]. 
Such fixed portion of the clamp provides a seat for the tubes, as taught by Sano . Were this not a 
fixed base [41a] then the tubes might become separated during the process taught. Appellant 
asserts that Sano teaches away from the suggested vertical movement of the base plate or 
movement of the base plate relative to the jaws and base as alleged by the Examiner. 

Sano also teaches away from the claimed invention because of the use of the movable 
clamp [12]. The movable clamp [12] is positioned over the tubes being joined. The movable 
clamp [12] is locked in position in holding the tubes in position during the joining process. See 
Figures 1 and 9. See also Col. 5, lines 52-58; Col. 7, lines 61-67, Col 14, lines 58-62. "In case 
the movable clamps 12, 82 are erroneously opened, this would release clamp in of the tubes 7, 8 
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and thus tubes cannot be held anymore." Col. 15, 23-25. In other words, the movable clamp 12 
must be closed for operation. However, using such clamp over the top half of a baseball bat, as 
in the present invention, would inhibit laser engraving, shown in Figure 1 of Appellant's 
application. The movable clamp [12] would preclude access to the barrel of the baseball bat and 
therefore the bat could not be engraved. 

b) Appellant also asserts that the Examiner's alleged movement of base 
plate 41a would render the Sano device inoperable. As cited above, the tube guide [40] is fixed 
to the fixed clamp [11] to accurately set the tubes. See Col. 7, lines 40-41 . Making the base 
plate [41a] movable in a vertical orientation as alleged by the Examiner would remove the 
accuracy in the vertical dimension that Sano requires. Sano teaches "a warped groove 41a is 
formed in the center of guide base 41 on which the tubes are set." Col. 7, lines 49-50; see Figure 
7. If alleged base plate [41a] were movable vertically as alleged, consistent contact between the 
tubes being joined would not be achievable. This is especially true since the upper portion of the 
tube connecting apparatus, movable clamp [12], moves down against the fixed clamp [1 1] to 
effectuate engagement of the tubes (see Figure 9). If the alleged base plate [41a] mo ved 
downward, the tubes could not engage properly for clamping and joining. Simply put, the device 
would be inoperable. 

Additionally, opening the upper movable clamp [12] of Sano in order to engrave a bat a 
as taught by Appellant would render the Sano device inoperable, since the movable clamp [12] 
must be closed for operation. 

c) The Appellant's invention is also asserted to be non-obvious for the 
following reasoning. Although the Court rejected a rigid application, the teaching, suggestion, 
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motivation (TSM) test may still be used as one factor in a comprehensive flexible, common- 
sensical obviousness analysis. ("In the years since the Court of Customs and Patent Appeals set 
forth the essence of the TSM test, the Court of Appeals no doubt has applied the test in accord 
with these principles in many cases. There is no necessary inconsistency between the idea 
underlying the TSM test and the Graham analysis.") KSR International Co. v. Teleflexlnc. 127 
S.Ct. 1727, 1741 (2007); See also KSR quoting Dystar v. C.H. Patrick Co., 464 F.3d 1356, 1367 
(2006) ("Our suggestion is in actuality quite flexible and not only permits, but requires, 
consideration of common knowledge and common-sense.") In this instance, Appellant 
respectfully asserts that Sano fails to provide any reasonable teaching, suggestion or motivation 
for the inter-relationship of claimed movement between the movable jaws, movable base plate 
and camming surface because of the fixed base components taught by Sano . Moreover, where 
the Examiner alleges an alternative motivation in page two of the January 24, 2008 office action, 
Appellant respectfully reminds the Board that the lower portion of the Sano connecting apparatus 
to which the Examiner refers, is taught as a "fixed clamp" [11]. Although the Examiner alleges 
that part of this fixed device could be mo vable, the Examiner' s proposed change to the Sano tube 
connecting apparatus would render the device inoperable because a moveable base plate would 
not provide a fixed seat for the tubes being joined as required by Sano . 

d) Based on the various missing elements, inoperability of the proposed 
modifications, and the lack of teaching, suggestion or motivation in the cited art, Appellant can 
only presume that the Examiner has made a hindsight rejection. KSR describes that "a patent 
composed of several elements is not proved obvious merely by demonstrating that each of its 
elements was, independently, known in the prior art." KSR International Co. v. Teleflex Inc., 550 

14 



Application No.: 10/813,452 
Inventor: Lamsfuss 
Title: Automatic Leveling Fixture 
Atty. Dckt. No.: ZM337/03002 

U.S. , ; 127 S.Ct. 1727, 1741. "This is so because inventions in most, if not all, instances rely 

upon building blocks long since uncovered, and claimed discoveries almost of necessity will be 
combinations of what, in some sense, is already known." Id. In making an obviousness rejection, 
an Examiner should not simply pick and chose elements from the prior art. "One cannot use 
hindsight reconstruction to pick and choose among isolated disclosures in the prior art to 
deprecate the claimed invention." In re Fine , 5 USPQ2d 1596, 1600 (Fed Cir 1988). The 
Supreme Court warned against "distortion caused by hindsight bias" and cautioned against 
"arguments reliant upon ex post reasoning " See KSR citing Graham, 383 U.S. 1, at 36 (warning 
against a "temptation to read into the prior art teaching of the invention in issue" and instructing 
courts to "guard against slipping into the use of hindsight " (quoting Monroe Auto Equipment 
Co. v. HeckethomMfg. & Supply Co., 332 F. 2d 406, 412 (CA6 1964))). 

Sano teaches a device for connecting tubes. Although the Sano device performs a 
clamping function, the Examiner alleges modifications which would render the Sano device 
inoperable, as previously described. Additionally, Appellant respectfully submits that the due to 
the movable clamp [12] of Sano which must be positioned over the top of a workpiece, one 
skilled in the art could not utilize the Sano device for engraving. Appellant asserts that, in 
combination with the Sano device, a workpiece, for example a baseball bat, would be covered by 
the moveable clamp [12] and therefore would not be engravable in that area of the bat. Where 
the Examiner's art teaches away from the proposed modification, where the cited art functions in 
a way which would inhibit the engraving taught by the Appellant, and where the cited art fails to 
teach or suggest the claimed invention, it becomes clear that the Examiner has picked and chosen 
known elements of the prior art based on the Appellant's teachings to render this rejection. 
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B. 35 U.S.C. § 103 Rejection of Claims 1-13 and 25-36 over Sano in view of 
Comulada 

The Examiner has rejected Claims 1-13 and 25-36 as being obvious over Sano in 
view of Comulada . Appellant respectfully disagrees with the Examiner' s allegations for the 
following reasons. 

Appellant addresses the independent Claims 1, 25 and 32-36, as they are believed 
to be allowable and would render the dependent claims allowable as well. Specific discussion of 
the dependent claims follows argument of all independent claims. Appellant incorporates the 
arguments of Section VII (A) in this discussion. 

Appellant first describes the various missing elements of the independent claims. 

1 . With regard to Claim 1 : 

a) Sano fails to teach or suggest a "base plate being slidable relative 
to said base " The Examiner acknowledges that the base plate [41a] of Sano is not movable in 
her rejection of Claims 35-36. 

b) Sano also fails to provide the inter-relationship of jaw movement a 
preselected distance relative to a distance moved by said base plate. Specifically, Sano fails to 
teach or suggest the "base plate camming surface engaging said base plate causing said at least 
one jaw to move a preselected distance relative to a distance moved by said base plate." Instead, 
Sano only teaches moveable "jaws" [42], which do not move relative to a distance moved by the 
base plate [41a]. This is due to the fact that Sano's base plate [41a] does not move because it is 
part of the fixed clamp [11]. 
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c) Further, Sano also fails to teach or suggest "a bat engaging said at 
least one jaw and said base plate when said leveling fixture moves said bat to a preselected 
position." The element, "a bat" is positively recited in the claim and therefore is a claim 
element. However, the Examiner does not address the bat element, and only makes a vague 
statement regarding intended use without respect to any specific claim limitation. Appellant 
asserts that Sano in view of Comulada fails to teach the bat element or engagement thereof, by at 
least one jaw and base plate. 

d) Comulada fai ls to aid the lack of the above teachings The 
Examiner alleges that Comulada discloses the laser ablation of a substrate which uses a chuck 
with a leveling device. Appellant has described to the Examiner previously that the term 
"leveling", used in Appellant's claim preambles, means that the baseball bat is moved to a 
specific level, i.e. position or elevation. See, for example, Office Action Response C page 7, 
lines 1 1-16 and Application paragraph [0024], line 18. The term "leveling" as currently used 
does not mean level, in the sense of flat or balanced However, the Examiner insists that 
Comulada uses a chuck "with a leveling device," at page two of her January 24, 2008 Office 
Action. Comulada teaches a leveling device which "levels" by rendering a substrate flat. 
Specifically, a "top surface of the substrate and the lower surface of the reference chuck are in 
parallel planes when the chuck is placed on the working surface of the leveling device." See 
Comulada Abstract. More specifically, Comulada fails to teach a slidable base plate, the inter- 
relationship of movement of jaws and base plate, or a bat which is moved to a preselected 
position. For these reasons, the cited combination fails to render Appellant's invention of Claim 
1 obvious. 
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2. With regard to Claim 25 : 

a) Sano fails to teach or suggest, "an inwardly directed base plate 
camming surface/' as recited. Instead the only camming surfaces (horizontal arms or extensions) 
shown in Figure 7 of Sano extend away or outwardly from the alleged base plate [41a]. 

b) Sano also fails to provide a base plate camming surface which is 
"directing said base plate a preselected distance in relation to movement of said jaws." As 
previously described, the alleged base plate [41a] is not movable, but is instead a part of the 
fixed clamp [11]. 

c) Sano also fails to teach a bat as previously indicated. The "bat" is 
a positively recited element of Claim 25 and is not taught or otherwise suggested by the prior art 
references Sano or Comulada . 

d) Comulada fails to aid the lack of teaching or suggestion of Sano . 

3 . With regard to Claim 32 : 

a) Sano again fails to teach the inter-relationship of structural 
movement which is currently claimed. Specifically, Sano fails to teach or suggest, "at least one 
base plate moving relative to movement of said at least one jaw by an angled camming surface 
operably engaging said base plate and said at least one jaw." As previously described, Sano fails 
to meet this limitation because of the failure to provide a movable base plate. Instead, the 
alleged Sano base plate [41a] is fixed as it is part of the fixed clamp [1 1]. 

b) Sano also fails to provide a bat, which is a positively recited 

element of the claim. 
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c) Sano also fails to meet the limitation "wherein said fixture retains 
bats of varying diameter at equal elevations regardless of the bat diameter" Since Sano fails to 
teach or suggest a bat, Sano also fails to teach or suggest a fixture that retains bats of varying 
diameter at equal elevations regardless of bat diameter. This is due to the fact that the alleged 
base plate [41a] does not move, as required by the claim. 

d) Comulada does not aid these failures to teach or suggest the 

claimed elements. 

4. With regard to Claim 33 : 

a) Sano fails to provide "a base plate slidable through a vertical plane 
a distance relative to said sliding of said at least one jaw". The alleged base plate [41a] does not 
move, as previously indicated, but instead is fixed in place. See Sano . Figure 7. 

b) Sano fails to teach or suggest the angled camming surface which 
provides "motion of the base plate relative to said base and said at least one slidable jaw and 
wherein said base plate is movable relative to the base, said at least one slidable jaw and said 
angled camming surface." Again, the Sano reference fails to teach or suggest the claimed inter- 
relationship of movement of the base plate relative to the base, jaws and fixture base. 

c) Comulada does not aid these failures to teach or suggest the 

claimed elements. 

5 . With regard to Claim 34 : 

a) Sano fails to teach a base plate, "in contact with a bat". Similarly, 
Sano fails to teach or suggest jaws in contact with "opposite sides of said bat." As previously 
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indicated, there is no teaching or suggestion of a bat by Sano . Instead Sano teaches connection 
of flexible tubing. 

b) Sano also fails to teach or suggest jaws which receive the bat and 
"cause said base plate to modify the vertical position of said bat to maintain an equal distance of 
said bat to said marking device regardless of said bat diameter" This failure is due to the fact 
that Sano fails to teach or suggest a movable base plate. The alleged base plate [41a] is not 
movable but instead is fixed within the fixed clamp [11]. Movement of base plate [41a] would 
render the apparatus inoperable, as previously discussed. 

c) Comulada does not aid these failures to teach or suggest the claim 

elements. 

6. With regard to Claim 35 : 

a. Sano fails to teach or suggest "said base plate movable relative to 
said fixture base, said camming surface and said pair of jaws." To reiterate, the Sano base plate 
[41a] (Figure 7) is not movable and therefore cannot move relative to the alleged fixture base 
[41], the alleged camming surface [42] and the alleged pair of jaws [42]. The Examiner 
acknowledges such in her initial rejection of Claim 35. 

7. With regard to Claim 36 : 

a. Sano fails to teach or suggest a "base plate being slidable relative 
to said base and said opposed jaws." 

b. Sano also fails to teach or suggest "a base plate camming surface 
extending from said opposed jaws and engaging said base plate causing said jaws to move a 
preselected distance relative to a distance moved by said base plate." Sano provides for 
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movement of the alleged jaws [42] but no movement of the alleged jaws [42] relative to a 
distance moved by the alleged base plate [41a]. Again, this is because the alleged base plate 
[41a] does not move. 

8. In reference to all of the independent claims, Appellant further asserts that 
the Sano reference, in combination with Comulada , fails to render Appellants claimed invention 
obvious for the following reasons, which are described more in depth with respect to the 
rejections of Claims 35 and 36, are incorporated herein and therefore are only briefly reiterated. 
Sano teaches away from the claimed invention where the claimed base plate is movable and 
Sano teaches the alleged fixed base plate (central groove) [41a] as part of a fixed clamp [40]. 
The Appellants further assert that the Examiner's proposed modifications would render the Sano 
device inoperable. Sano teaches a fixed base plate [41a] for positioning of tubes to be joined. A 
vertically movable base, as proposed by the Examiner would result in a device which does not 
allow for proper clamping and joining of tubes. Additionally, a clamp over the top portion of the 
bat, as taught by Sano movable clamp [12] would inhibit engraving sought by Appellant. 
However, removal of the movable clamp [12] to allow engraving, taught by Appellant, would 
render the Sano device inoperable. Further, the Examiner's cited reference Sano fails to provide 
suggestion or motivation for (a) the inter-relationship of claimed movement between the 
movable jaws, movable base plate and camming surface or (b) the relationship of base plate 
movement distance to the jaw movement distance. The Sano reference teaches a fixed "base 
plate" [41a] not a moveable base plate. Comulada does nothing to aid this lack of teaching or 
suggestion. Finally, the failures of the Examiner's rejections make clear that the Examiner has 
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rejected the claims using the Appellant's teachings, rather than considering how one of ordinary 
skill in the art would solve the problems in the area of baseball bat engraving. 
9 Dependent Claims 2-13 and 26-31 

Appellants assert that Claims 2-13 and 26-31 are allowable based on the 
reasoning previously provided and those arguments are hereby incorporated. In addition, Claim 
3 should be allowed since the cited art fails to provide, and the Examiner fails to point out, any 
relationship between the jaws movement and base plate movement. Regarding Claim 6, the 
cited art fails to provide, and the Examiner fails to point out, the claimed rail element. Regarding 
Claim 11, the cited art fails to provide the claimed tapered receiving surface. Regarding Claim 
12, the cited art fails to provide the claimed notch and rollers. Regarding Claim 26, the cited art 
fails to provide, and the Examiner fails to point out, the claimed guide posts on the alleged base 
plate. Regarding Claim 27, the cited art fails to provide, and the Examiner fails to point out, the 
claimed camming rollers. Regarding Claims 28, the cited art fails to provide, and the Examiner 
fails to point out, the claimed tangential contact with the bat in the fixture. Finally, regarding 
Claim 30, the cited art fails to provide, and the Examiner fails to point out, the claimed camming 
surface with rise-to-run of 2-to-l. 

C. 35 U.S.C. §103 Rejection of Claims 1-13 and 25-36 over Sano in view of 
Comulada and further in view of Baum 

The Examiner has rejected Claims 1-13 and 25-36 as being obvious over Sano in view of 
Comulada and further in view of Baum . Appellant respectfully disagrees with the Examiner's 
allegations for the following reasons. 
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Appellant incorporates the arguments provided in Sections VII (A) and (B), previously 
discussed at length. Appellant has previously addressed the same claim rejections in Sections 
VII (A) and (B) above wherein the Examiner failed to cite Baum . Appellant respectfully 
questions why the Examiner utilizes the Baum reference if the use of Sano and Comulada are 
suitable for rendering the invention obvious, as previously alleged by the Examiner. Appellant 
asserts that the Examiner's inclusion of an additional reference in rejecting the same group of 
claims is indicative of the failure of the previously argued rejections of Section VII (B). 

Appellant incorporates the above arguments of Section VII (A) and (B) by reference 
herein. Accordingly, Appellant additionally addresses the Baum reference and asserts that the 
Examiner's proposed use of Baum in combination with Sano and Comulada fail to render the 
instant invention obvious. 

Baum teaches a composite baseball bat with cavitied core. A veneer with preprinted 
logo is positioned on the composite bat. Col. 4, lines 54-65. The Examiner alleges in the final 
office action of June 14, 2007 that Baum discloses "the use of laser cutting in the formation of a 
baseball [bat] with a logo." After explaining to the Examiner that she mischaracterized the 
reference and that the laser is used to cut a veneer sheet and further that the veneer sheet has a 
logo which is imprinted by an epoxy ink, silk screen or branded, not laser engraved, the 
Examiner made the same statement in the January 24, 2008. In the pending rejection, the 
Examiner states, " Baum discloses the use of laser cutting in the formation of a baseball [bat] 
with a logo." See page 4, January 24, 2008 Office Action. The Examiner disregards the fact that 
Baum teaches laser cutting of a veneer sheet in forming a composite bat (not a baseball as 
repeatedly incorrectly stated in February 16, 2007 Office Action, June 14, 2007 Office Action 
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and January 24, 2008 Office Action). The Examiner also disregards the fact that Baum teaches a 
laser to cut a veneer sheet which is subsequently adhered to a composite baseball bat. The 
Examiner also alleges, incorrectly, that Baum uses, "laser cutting on the baseball bat." 
Moreover, Baum further teaches that the logo to which the Examiner refers is applied to the 
veneer [42] in a step independent of the laser. In other words, the laser is used to cut the veneer 
sheet, not to apply the logo to the veneer sheet [42] and the laser does not cut the bat. The logo 
is preprinted on the veneer. See Baum Col. 4, lines 61-63. 

The use of the Baum bat in an engraving fixture would damage the Baum bat rendering 
the device inoperable for its intended use. The Baum laser is not used in any way to engrave the 
baseball bat directly. This is because the laser engraving would damage the Baum baseball bat. 
The Baum bat is a composite bat with a "wood-like veneer covering a layer of fiber reinforced 
resin." See Abstract. "The veneer outer surface overlays a fabric layer of high tensile strength, 
resin impregnated, fabric socks 24a, 24b. . . The fabric layer surrounds a core 28 formed of 
resilient urethane foam, wood, aluminum or the like. . Col 4, lines 18-24. "Alternatively, the 
bat may be formed with a hollow core rather than a solid core 28." Col. 4, lines 45-46. In either 
embodiment, the Baum baseball bat only has a thin veneer layer and engraving of such would 
likely damage the underlying fabric layer(s). Such damage would weaken the bat therefore, 
Appellant asserts that the Examiner's has mischaracterized the Baum teaching and that the 
proposed modification would render Baum 's bat inoperable for its intended use. 

Additionally, as previously discussed in Section VII (A) and (B), the Sano fixture could 
not be used in the manner claimed, and therefore the claimed invention teaches away from the 
Sano reference. Sano teaches a movable clamp [12] which is rotatably positioned over the 
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workpiece. Assuming for sake of argument, that the Sano apparatus could be adapted to hold a 
baseball bat, the movable clamp [12] would be disposed on and over the upper half of the 
baseball bat so that a laser would not be able engrave the barrel of the baseball bat. Therefore 
the claimed invention teaches away from a proposed use of Sano . In the alternative, use of the 
Sano fixture for laser engraving a baseball bat would require removal of the upper movable 
clamp [12] which would render the Sano fixture inoperable for its intended use since Sano 
teaches the clamps [11,12] must be locked together for operation. 

D. Response to Examiner's Response to Arguments 

The Examiner makes several statements in the "Response" section, January 24, 
2008 Office Action. Appellant incorporates sections A-C above in addressing the statements. 

First, the Examiner admits that Sano fails to teach bats of varying diameter. Then the 
Examiner states that the limitation is an intended use limitation. As previously discussed, the 
baseball bat is a positively recited limitation of several claims and therefore is not an intended us 
limitation. The Examiner disregards this for some unexplained reason. Appellant again asserts 
that the bat is a positively recited limitation as discussed in the arguments previously. 

Second, the Examiner states that Applicant argues the "camming surface and jaw 
movement is not taught." This is a mischaracterization, or at least a vague generalization, of the 
Appellant's arguments. Appellant asserts that the inter-relationship of movement of the base 
plate, relative to the base, jaws and camming surface is not taught or alternatively that the 
relationship of distance moved by the base plate relative to jaw movement is not taught by Sano . 
This is due to the fact that the alleged base plate [41a] does not move. 
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Third, the Examiner states that the "workpiece in Sano et al. causes motion of the jaws, 
which is a functional equivalent motion" Appellant asserts that the Examiner is incorrect 
because the jaws of Sano may move with the workpiece, but workpieces of different sizes would 
be at different positions relative to a laser engraver because of the lack of a movable base plate 
and because the jaw movement is not related to movement of the base plate. Therefore, the 
Examiner's allegation of a functional equivalent is incorrect and inappropriate. Moreover, the 
cited art fails to meet the claim limitation that the Examiner attempts to address. 
VIII. CONCLUSIONS 

For the extensive reasons set forth herein above, Appellant respectfully contends that 
each claim pending in the present application is allowable their current form. Therefore, reversal 
of all rejections is courteously solicited. 

Respectfully submitted, 



Dated: September 23, 2008 /James E. Cole/ 

James E. Cole, Esq. 
Reg. No. 50,530 

MIDDLETON REUTLINGER 

2500 Brown & Williamson Tower 

Louisville, Kentucky 40202 

(502) 584-1135 phone 

(502) 561-0442 fax 

email: jcole@middreut.com 
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IX. CLAIMS APPENDIX 

1 . (Previously Presented) An automatic leveling fixture, comprising: 
a base; 

at least one jaw being slidably connected to said base; 
a base plate being slidable relative to said base, 

said at least one jaw having an angled base plate camming surface engaging said base 
plate causing said at least one jaw to move a preselected distance relative to a distance moved by 
said base plate; 

a bat engaging said at least one jaw and said base plate when said leveling fixture moves 
said bat to a preselected position. 

2. (Original) The automatic leveling fixture of claim 1, said at least one jaw being a first 
jaw and a second jaw. 

3 (Original) The automatic leveling fixture of claim 2, said first jaw and said second jaw 
each mo ving one-half the distance moved by said base plate. 

4. (Original) The automatic leveling fixture of claim 1, further comprising a jaw channel 
extending through said base in a latitudinal direction. 

5. (Original) The automatic leveling fixture of claim 4, said at least one jaw sliding relative 
to said base through said jaw channel. 

6. (Original) The automatic leveling fixture of claim 5, said jaw channel having a rail 
positioned therein. 

7. (Original) The automatic leveling fixture of claim 1, said at least one jaw being two 
opposed jaws. 

8. (Original) The automatic leveling fixture of claim 7, said two opposed jaws being biased 
inwardly toward said base plate. 
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9. (Original) The automatic leveling fixture of claim 8, said two opposed jaws being biased 
by a compression spring extending through said opposed jaws. 

10. (Original) The automatic leveling fixture of claim 9, said two opposed jaws being 
mounted on a rail and slidable relative to said base. 

1 1 . (Original) The automatic leveling fixture of claim 1, said at least one jaw having a 
tapered receiving surface. 

12. (Previously Presented) The automatic leveling fixture of claim 1, further comprising 
camming rollers mounted within a notch of said base plate and slidably engaging said angled 
base plate camming surface of said at least one jaw. 

13. (Original) The automatic leveling fixture of claim 1, said fixture receiving bats of 
varying diameter and position said bats at equal elevations relative to a laser. 

14-24. (Canceled) 

25. (Previously Presented) An automatic leveling fixture, comprising: 
a base plate slidably positioned in a base; 

a first jaw and a second jaw slidably adjustable relative to said base; 
said first jaw and said second jaw biased toward said base plate; 

said first jaw and said second jaw each having an inwardly directed base plate camming 
surface for directing said base plate a preselected distance in relation to movement of said jaws; 
a bat leveled by engagement of said bat with said first jaw, said second jaw and said base 

plate. 

26. (Previously Presented) The automatic leveling fixture of claim 25, said base plate having 
at least one guide post slidably engaging said base through an aperture in said base. 

27. (Previously Presented) The automatic leveling fixture of claim 25, further comprising 
camming rollers engaging each of said base plate camming surface. 
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28. (Previously Presented) The automatic leveling fixture of claim 25, said first jaw, said 
second jaw, and said base plate each having tangential contact with said bat placed in said 
automatic leveling fixture. 

29. (Previously Presented) The automatic leveling fixture of claim 25, said first jaw and said 
second jaw each moving one-half of a distance moved by said base plate. 

30. (Previously Presented) The automatic leveling fixture of claim 25, said base plate 
camming surface having a rise-to-run ratio of 2-to-l. 

31. (Previously Presented) The automatic leveling fixture of claim 25, said fixture receiving 
bats of varying diameter and repeatably positioning a peripheral edge of each bat at a preselected 
elevation. 

32. (Previously Presented) An automatic leveling fixture, comprising: 
a base; 

at least one jaw; 

at least one base plate moving relative to movement of said at least one jaw by an angled 
camming surface operably engaging said base plate and said at least one jaw; 
a bat engaged by said at least one plate and said at least one jaw; 

wherein said fixture retains bats of varying diameter at equal elevations regardless of the 
bat diameter. 

33. (Previously Presented) An automatic leveling fixture, comprising: 
a base; 

a least one jaw slidable in a horizontal plane; 

a base plate slidable through a vertical plane a distance relative to said sliding of said at 
least one jaw; 

an angled camming surface extending between said at least one jaw and said base plate 
providing motion of said base plate relative to said at least one jaw and wherein said base plate is 
movable relative to said base, said at least one slidable jaw and said angled camming surface; 
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said automatic leveling fixture controlling lateral positioning and height of a bat in a 
repeatable manner regardless of the diameter of a bat. 

34. (Previously Presented) An automatic leveling fixture, comprising: 
a base plate in contact with a bat; 

a first and second slidable jaw in contact with opposite sides of said bat, 
wherein said first and second jaws are in slidable contact with said base plate; 
a marking device adjacent said bat; 

wherein said first and second jaw slidably receive said bat and cause said base plate to 
modify the vertical position of said bat to maintain an equal distance of said bat to said marking 
device regardless of said bat diameter. 

35. (Previously Presented) An automatic leveling fixture, comprising: 

a fixture apparatus which repeatedly positions bats of varying diameter at a preselected 
elevation, wherein a peripheral edge of any one of said bats has an equilateral cross-section; 

said fixture comprising a pair of slidable jaws, a camming surface engaging said pair of 
slidable jaws and a base plate, said base plate movable relative to a fixture base, said camming 
surface and said pair of jaws; 

said fixture apparatus further repeatedly positioning a center point of each of said bats at 
a preselected longitudinal and latitudinal position. 

36. (Previously Presented) An automatic leveling fixture, comprising: 
a base; 

opposed jaws slidably connected to said base; 

a base plate being slidable relative to said base and said opposed jaws; 

a base plate camming surface extending from said opposed jaws and engaging said base 
plate causing said jaws to move a preselected distance relative to a distance moved by said base 
plate. 
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locking of the buckle 120 until the completion of moving- 
down of a wafer holder). 

4 Claims, 19 Drawing Sheets 




174 



A-1 



U.S. Patent 



Mar. 16, 2004 Sheet 1 of 19 



US 6,705,372 B2 




A-2 



U.S. Patent Mar. 16\2004 Sheet 2 of 19 US 6,705,372 B2 




A-3 



U.S. Patent Mar. 16, 2004 Sheet 3 of 19 



US 6,705,372 B2 



FIG. 3 




A-4 



U.S. Patent Mar. 16, 2004 Sheet 4 of 19 



US 6,705,372 B2 



FIG. 5 



U. S. Patent Mar. 16, 2004 Sheet 5 of 19 



US 6,705,372 B2 




A-6 



U.S. Patent Mar. 16, 2004 Sheet 6 of 19 US 6,705,372 B2 



FIG. 7 



40 



U.S. Patent 



Mar. 16, 2004 Sheet 7 of 19 



US 6,705,372 B2 




A-8 



U.S. Patent Mar. 16, 2004 Sheet 8 of 19 



US 6,705,372 B2 



FIG. 9 



71 




A-9 



U.S. Patent Mar. ie, 2004 sh«* 9 of 19 



US 6,705,372 B2 



FIG. 10 



100 




A-10 



U.S. Patent Mar. 16,2004 Sheet 10 of 19 



US 6,705,372 B2 



FIG. 11 




A-11 



U.S. Patent Mar. 16, 2004 Sheet 11 of 19 



US 6,705,372 B2 



FIG. 12 




A-12 



U.S. Patent Mar. 16, 2004 Sheet 12 of 19 US 6,705,372 B2 




A-13 



U.S. Patent Mar. 16,2004 Sheet 13 of 19 US 6,705,372 B2 



FIG. 14 




A-14 



U.S. Patent Mar. 16, 2004 Sheet 14 of 19 



US 6,705,372 B2 




A-15 



U.S. Patent Mar. 16, 2004 Sheet 15 of 19 



US 6,705,372 B2 



FIG. 16 




A-16 



U.S. Patent Mar. 16, 2004 Sheet 16 of 19 



US 6,705,372 B2 




41 



A-17 



U.S. Patent Mar. 16, 2004 Sheet 17 of 19 



US 6,705,372 B2 



FIG. 18 PRIOR ART 




A-18 



U.S. Patent Mar. 16, 2004 Sheet 18 of 19 US 6,705,372 B2 



FIG. 19 

8b 





A-19 



U.S. Patent Mar. 16, 2004 Sheet 19 of 19 



US 6,705,372 B2 




A-20 



US 6,705,372 B2 
1 2 

TUBE CONNECTING APPARATUS mounting portion 325 formed continuously to the rotor 

mounting portion 323. The drive gear 306 is further con- 
nected to a motor shaft of a driving motor (not illustrated), 

BACKGROUND OF THE INVENTION When the tubes 7, 8 are grasped and then cut as shown in 

1, Field oflnvenlion 5 *». UBflta ?^ dr ™ g m0t ,° r * * a 
_, . . . specified timmg such that rotation is transmitted to the 
The present invention relates to a tube connecting appa- drivi gear m In ^ raanncr} fa& c i amp rotor 305 is 

ralus for melting to cut flexible tubes and for connecting the rQtated ^ fltst |llbe hoider 301 and the ro{or picces 

tubes by mutually contacting the cut end faces, 303 304 ^ to change places of ^ tubes 7a> g a> 

2. Description of Related Art 10 However, the conventional tube connecting apparatus 
A tube connecting apparatus is used, for instance, for mentioned above has the following disadvantages. 

providing a dialysis solution into an abdominal cavity of a -T^e first and second holders 301, 302 need to be 

patient who requires Continuous Ambulatory Peritoneal move d closer to each other for securing operations of 

Dialysis (CAPD) by providing connection between a trans- pressing the cut end faces of the tubes to each other after 

fer tube connected with the abdominal cavity and a tube « retracting the wafer 6. Therefore, for clamping the tubes 7, 

connected with a dialysis pack. 8 by ^ fa st tubc holder 301 and the second tobc foyfa 3 02, 

An example for connecting operations of a tube connect- the movable clamp 312 is fixed to the fixed clamp 311 and, 

ing apparatus will be briefly explained below. As exemplar- separately therefrom, the movable clamp 314 is fixed to the 

ily shown in FIG. 18, two tubes 7,8 are grasped at two fixed clamp 313. In this way, in order to fix the movable 

portions, that is, between a fixed clamp 311 and a movable 20 clamps 312, 314 to the fixed clamps 311, 313, similar works 

clamp 312 of a first tube holder 301 and between a fixed need to be repeated, regardless of manually or automatically, 

clamp 313 and a movable clamp 314 of a second tube holder thereby causing useless redundancy in view of operation as 

302. The movable clamps 312, 314 are moved into contact well as structural arrangement. 

with, and away from, the fixed clamps 311, 313. The tubes (2) The conventional tube connecting apparatus employ- 

7,8 grasped by the first tube holder 301 and the second tube ^ thc clamp rotor 3fl5 ^ a^ged such that the rotor picces 

holder 302 are squeezed flat in cross section, closing the 303, 304 are exposed to the exterior when the blocks 321, 

interior ot the tubes. 322 are separated. In case the user presses the rotor pieces 

Then, a heated cutting plate (hereinafter referred to as 303, 304, therefore, the rotor pieces 303, 304 will be 

"wafer 3 *) 6 is moved upwards between the first tube holder 3Q displaced from each position after tube connection where the 

301 and the second tube holder 302, thereby melting to tubes are held symmetrically with respect to each other, 

vertically cut the tubes 7,8. Thus, in case the rotor pieces 303, 304 should be made 

In the first tube holder 301 is provided a pair of semicir- contact with each other as being still displaced, either one 

cular rotor pieces 303,304 which are made into contact with will be pushed by the other to be slightly rotated. Thus the 

each other to constitute a clamp rotor 305. 35 clamp rotor 305 will be misaligned relative to a reference 

After the cutting of the tubes 7, 8, the rotation of the clamp condition in which the rotor pieces 303, 304 are accurately 

rotor 305 grasping the cut tubes (7a, 8a) of one side of the mounted in symmetric relation to each other in the blocks 

tubes (7, 8), as shown in FIG. 19, inverts the cut tubes 7a, 321 > 322 as shown in RG - 21 Accordingly, if the apparatus 

8a while allowing their cut end faces to slide along a side 15 actuated in this condition with the tubes 7, 8 not being 

surface of the wafer 6 40 ckmped symmetrically, misalignment of the cut end faces of 

Upon completion of inversion of the cut tubes 7aM the ^ tabes 7 > 8 *™ d ^ ™ on of the clam ? rotor 305 > 

wafer 6 is retracted when the cut cod faces of mutually whlch may rcsult m «™**» 

different tubes (7a and 8b, 8a and 7b} are positioned ( 3 ) w ^ toe ***s % 8 are clamped by the first and 

coaxiaUy, feeing each other, and the cut end faces of the second tube holders 301, 302, if the movable clamps 312, 

different tubes are pressed to each other to be welded. Thus, 45 314 are erroneously separated from the fixed clamps 311, 

two tubes 9, 10 are formed as illustrated in FIG. 20. 313 befor « tb e tubes 9, 10 are alternately joined to each 

rp, « , . . . - , other, the tubes 7, 8 will be released from the first and second 

lne above described tube connecting apparatus is . u ' ~ M ~ n l A u *u u ~, <■ s • * ? *k 
j *_ t . . ■ , holders 301, 302. As a result, the alternate loimng of the 

arranged such that inversion of the cut tubes is performed by ZZ « IZ 3 & 

theclamprotor305structuredof the pair of rotor pieces 303, mbes 9 > * ™ l be 

304. FIG. 21 is a sectional view of the clamper 305 50 prevent the fixed clamps 3U, 313 from bemg separated from 

mounted in the first tube holder 301. the mov * ble ^T* 5 * 12 ' ^ 4 before f mpktl ° n ° f a ? eraate 

connection of the tubes. However, the conventional appa- 

Tht clamp rotor 305 is constructed of the pair of semi- rms fc not provided with functions for reliably preventing 

circular rotor pieces 303, 304 with teeth formed on the suc ^ separation, 
periphery thereof, and is so constituted as to make one gear „ 

when the rotor pieces 303304 come in contact with each SUMMARY OF THE INVENTION 

other. At a center of the clamp rotor 305, that is, at the center ^ pKSOnt invention has been made in view of the above 

of the contact surfaces of the rotor pieces 303, 304, circumstances and has an object to overcome the above 

U-shaped grooves331, 332 are formed deep enough to allow pro blems and to provide a tube connecting apparatus 

the insertion of one tube, and closing portions 333, 334 arc 6Q capab i e 0 f reliably performing connection of tubes, 

provided forming shallow grooves to squeew and grasp the Additional objects and advantages of the invention will be 

m es * set forth in part in the description which follows and in part 

The rotor pieces 303, 304 are respectively mounted in will be obvious from the description, or may be learned by 

rotor mounting portions 323, 324 formed in blocks 321, 322 practice of the invention. The objects and advantages of the 

constituting the fixed clamp 311 and the movable clamp 312. 6S invention may be realized and attained by means of the 

On the other hand, a drive gear 306 which is in mesh with instrumentalities and combinations particularly pointed out 

the rotor piece 303(304) is rotatably mounted in a gear in the appended claims. 
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To achieve the purpose of the invention, there is provided under the predetermined conditions, the release preventing 
a tube connecting apparatus including: a first tube holder means prevents release nf the tubes from the first and second 
provided with a pair of holding members for holding a tube holders. Specifically, in association with the excitation 
plurality of flexible tubes; a second tube holder provided an d demagnetization of the solenoid, the engaging member 
with a pair of holding members for holding the plurality of 5 & moV ed to prevent the first and second lube holders from 
flexible tubes; cutting and connecting means for heating and erroneously releasing the tubes held therein until completion 
melting the plurality of flexible tubes held in the first tube 0 f connection of the tubes. Thus, the cut tubes of one side of 
holder and the second tube holder to cut the tubes by a thc ta5 aftcr mutua i iy translocated, can be reliably con- 
heated cutting plate which is moved between the first tube ngcted t0 ftc Qther ^ tubeR 
holder and the second tube holder and to connect the tubes „ . c . ' . . 
cutbythecuttingplatebycontactingcutendfacesofthecut 10 According to another aspect of thc present invention, 
tubes held in the first tube holder with those of the cut tubes * herc ls Provided a tubs connecting apparatus including: a 
held in the second hibe holder, the cut tubes to be connected mbe ****** provided with a pair of holding members for 
being parts of originally different tubes; and joining mera- holdin g a plurality of flexible tubes; a second lube holder 
bers for integrally connecting one of the pair of holding provided with a pair of holding members for holding the 
members of the first tube holder to one of the pair of holding 15 plurality of flexible tubes; cutting and connecting means for 
members of the second tube holder, the joining members heating and melting the plurality of flexible tubes held in the 
being arranged so thai one of the tube holders is movable first tube holder and the second tube holder to cut the tubes 
with respect to the other tube holder. by a heated cutting plate which is moved between the first 

In the above tube connecting apparatus of the invention, hoWer the second tube hoIder and 10 v**** thc £ 

the joining members integrally connect one of the pair of 20 "bes cut by the cutting plate by contacting cut end faces of 

holding members of the first tube holder to one of the pair th * cut wbcs hcId m me tube holdcr with thosc of thc 

of holding members of the second tube holder so that the cul lubes heW in the second tube holder, the cut tubes to be 

first tube holder may be moved with respect to the second connected being parts of originally different tubes; and 

tube holder. This makes it possible to ensure movements of release preventing means for preventing, under prcdeter- 

the tube holders to press the cut end faces of the different 25 mined conditions, release of the tubes from the first tube 

tubes to be connected, Furthermore, ones of thc holding holder me secoaA mbe hold f f « the Plurality of 

members which are connected by the joining member can be flexible tubes are held m the first tube holder and the second 

moved integrally without the need for individual manipula- tube holder. 

tion of the connected holding members, thereby improving In the above tube connecting apparatus, after the first and 

operability of the holding members. 30 second tube holders hold therein the tubes, under the pre- 

In the above tube connecting apparatus, preferably, the determined conditions, the release preventing means pre- 

joining members are of buckle configurations, specifically, vents release of mbe$ from ^ first and 58000(3 mbe 

the joining members include a first buckle member and a holders. Thus, the tubes can be surely held in the first and 

second buckle member movably attached to the first buckle second tube holders until completion of connection ot the 

member, and the first and second buckle members are 35 ^bes, so that the cut tubes of one side of the tubes, after 

provided integrally in the holding members each being one mutually translocated, can be reliably connected to the other 

of the pair of holding members of the first and second tube cut tubes - 

holders. BRIEF DESCRIPTION OF THE DRAWINGS 

According to such the tube connecting apparatus, the first 4Q The accompanying drawings, which are incorporated in 

and second buckles are provided integrally in the holding ^ ^^tute a part of this specification illustrate an 

members. Even if the holding members of the first and era bodiment of the invention and, together with the 

second tube holders are integrally connected by the joining d ^ riplioa , scrve to cxpIaia the objects, advantages and 

members to each other, the joining members including the principles of the invention, 

buckles provided in the holding members enables move- 4$ * ^ jj^ drawin s 

ments of the tube holders to press the cut end faces of the i • • c • * t * *. e 

different tubes to be connected. Furthermore, ones of the ™- 1 IS * WPCdive ™ w of an internal structure of a 

holding members which are connected by the joining mem- l f e connecUng apparatus in an embodiment according to 

berwiththefirstandsecondbucklescanbemovedintegrally the present invention; 

without the need for individual manipulation of the con- 5Q . X a pkn ™ W °* the lube conneclm S a PP aratus m 

nected holding members, thereby improving operability of me embodiment; 

the holding members. FIG. 3 is a perspective view of a clamp rotor of the tube 

It is further preferable that the above tube connecting connecting apparatus in the embodiment; 

apparatus includes release preventing means for preventing, . KG. * * a sectional view of a rotor piece viewed from the 

under predetermined conditions, release of the tubes from 55 direction indicated by an arrow A in FIG. 3; 

the first tube holder and the second tube holder after the FIG. 5 is a perspective view of a fixed clamp body of the 

plurality of flexible tubes are held in the first tube holder and tube connecting apparatus in the embodiment; 

the second tube holder. FIG. 6 is a plan view of the fixed clamp body shown in 

Preferably, the predetermined conditions include a period FIG. 5; 

required until completion of connection of the tubes. 60 FIG. 7 is a perspective view of a mbe guide of the tube 

Preferably, the release preventing means includes a sole- connecting apparatus in the embodiment, showing a mount- 

noid and an engaging member, and release of the tubes held ing surface side with respect to a body cover; 

from the first tube holder and the second tube holder is FIG. 8 is a perspective exploded view of a movable clamp 

prevented by the engaging member that moves in accor- of a first tube holder of the tube connecting apparatus in the 

dance with excitation and demagnetization of the solenoid. $5 embodiment; 

According to the above tube connecting apparatus, after FIG. 9 is a sectional view of the first tube holder in the 

the first and second tube holders hold therein the tubes, embodiment; 
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FIG. 10 is an external perspective view of a fixed clamp A clamp rotor 30 for inverting the tubes cut with the wafer 

of a second tube holder in the embodiment; 6 is provided in the first tube holder 1. FIG. 3 is a perspective 

FIG. 11 is a side view of the fixed clamp body of the view showing the clamp rotor 30. FIG. 4 is a sectional view 

second tube holder in the embodiment; of a rotor piece 31(32) of the clamp rotor 30 viewed from the 

FTG. 12 is a perspective view of the movable clamp and 5 direclioR Seated by an arrow A in FIG. 3. It should be 

a buckle in the embodiment; noted thjLl lhe rotor pieces 31, 32 correspond to ttieclamping 

FIG. 13 is a front view of the first and second tube holders members of the invention, 

viewed from the direction indicated by an arrow C in FIG. The cIam P rotor 30 fa constructed of a pair of rotor pieces 

l- 31, 32 which are of semicircular shapes in rotational sym- 
* TTir^ ia • i- .r c i. u ■ j 10 metry as if a gear is divided into halves. Thus, each of the 

f >u \ I rTT* -7 W * a W f ^ hOW f ' V rotor pieces 31, 32 is of a similar semicircular shape. When 

from the first tube holder side in me embodiment; ^ surfaces of the rotor ieces 31 , 32 are made 

FIG. 15 is a perspective view of the wafer holder viewed contact ^ each oth one cl rotor 30 ^ formecK More 

from the second tube holder side in the embodiment; particularly, the clamp rotor 30 is constructed of centrally 

FIG, 16 is an explanatory view of showing a position of .15 located tube holding portions 33, 33 for holding lhe tubes, 

the wafer which cuts tubes; flange portions 34, 34 protruding outward in a radial direc- 

FIGS. 17A and 17B are side views of the tube guide in the tion from the tube holding portions 33, 33, rim portions 35, 

embodiment, showing a state of clamping tubes; 35 formed perpendicularly at outer peripheries of the flange 

FIG. 18 is a perspective view of a rube clamping part of portions 34, 34. On the rim portions 35 are formed rotor 
a conventional tube connecting apparatus; 20 gears 36, 36 as well as two pairs of locking grooves 37a, 

FIG. 19 is an explanatory view of showing tubes in 37/?. 

cutting and inversion; The tube holding portions 33 are constructed of holding 

FIG. 20 is a perspective view of resultant tubes after grooves 33a and closing portions 336 formed by tapering a 

connection between different tubes- and cylindrical portion toward the center axis to provide a tip end 

FIG. 21 is a sectional view of an'inverting mechanism of V**™ f m a "" r wid *: Ea f h ° f ** ®Tt 

the conventional tube connecting apparatus 33a 15 o£ a substantially semicircular section having a depth 

corresponding to approximately the outside diameter of the 

DETAILED DESCRIPTION OF PREFERRED tube 7(8). The closing portions 33b, 33b are arranged in 

EMBODIMENTS mutually symmetrical relation to provide sufficient clear- 
A detailed description of a preferred embodiment of a 3 ° aoce to squeeze the two tubes set one on top of the other 

tube connecting apparatus embodying the present invention ^ erci ? mt0 fiat hereby to firmly close the interior of 

will now be given referring to the accompanying drawings. tunes. 

FIG. 1 is a perspective view of an internal arrangement of The locking grooves 37a, 37a and the other locking 
the tube connecting apparatus in the present embodiment. 35 grooves 37b, 31b are formed on the rim portions 35, 35 in 
FIG. 2 is apian view thereof (while movable clamps 12, 82 identical positions of the rotor pieces 31, 32. This is for 
are omitted) corresponding the locking grooves 37a, 37a to a locking 
Hie tube connecting apparatus includes a tube holding ^hanism of me fixed clamp U and for corresponding the 
mechanism for holding tubes, a cutting mechanism for lac ^& 8» ows * * mechan ^ of the 
moving a cutting plate, or a wafer 6, with respect to the 40 clan ? ! 2 " ?f ^ * ^^anism wiU be men- 
tubes, and a wafer transferring mechanism for transferring a *oaod ^ Each of the lockuig grooves 37a 376 has a 
new wafer 6 for each tube connecting operation. The predetermined width defined by two protruding walls 
arrangement of the tube holding mechanism will be first formed on the ^ P ortion 35 

explained. The fixed clamp 11 and the movable clamp 12 of the first 

Ine tube holding mechanism is for holding and grasping 45 tube holder 1 in which the rotor pieces 31, 32 are minted 

two tubes 7, 8 set one on top of the other at two portions, will next be explained. 

vertically inverting cut tubes of one side of the tubes after The fixed clamp 11 is constructed of a fixed clamp bod y 

cutting, and pressing the cut end faces of the inverted tubes 13 shown in FIG. 5 and a body cover 14 (see FIG. 1) secured 

to those of the other cut tubes to connect the cut ends of .to the body 13. The fixed clamp body 13 has an outer frame 

different tubes. The tube holding mechanism is mainly so 16 formed protruding on a lateral wall 15 as illustrated, and 

constructed of a first tube holder 1 and a second tube holder the body cover 14 is screwed to this outer frame 16. The 

2. The first tube holder 1 is provided with a fixed clamp U fixed clamp 11 is thus of a hollow shape which is open in the 

and a movable clamp 12 which is connected to the fixed upper surface, in which the above-described rotor piece 

clamp 11 by a pin joint. Similarly, the second tube holder 2 31(32) is mounted. A stepping motor 3 (see FIG. 2) is turtber 

is provided with a fixed clamp 81 and a movable clamp 82 55 attached to the body cover 14. In association therewith, a 

connected to the fixed clamp 81 by a pin joint. It is to be row of gears is provided within the fixed clamp 11 for 

noted that the fixed clamps 11, 81 and the movable clamps transmitting rotational output of the stepping m otor 3 to the 

12, 82 correspond to the holding members of the invention. rotor piece 31(32). 

The first tube bolder 1 and the second tube holder 2 are The fixed clamp body 13 is formed with a single sup- 
disposed in parallel with each other at a specific distance. 60 porting bracket 17 and a forked supporting bracket 18 at 
The second tube holder 2 is fixed on a base 210 while the both upper corner portions thereof as shown in FIG. 5. The 
first tube holder 1 is slidably arranged to adjust the distance single supporting bracket 17 is provided for a pin-joint with 
between itself and the second tube holder 2. Between those the movable clamp 12, A bearing 28 is pivotally mounted 
holders 1, 2 is disposed a wafer holder 140 constituting the between the forked supporting bracket 18. 
cutting mechanism for moving a wafer 6 in an orthogonal 65 A rotation supporting groove 19 that is a semicircular 
direction with respect to the tubes 7, 8 held in the first and cutout for supporting the tube holding portion 33 of the rotor 
second tube holders 1, 2. piece 31(32) is formed at an upper side of the lateral wall 15 
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of the fixed clamp body 13 and an upper side of the body Rotationally supporting grooves 53 and 54 that are semi- 
cover 14 (not shown) . Rollers 20 for rotationally supporting circular cutouts are formed at corresponding positions of the 
the rotor piece 31(32) are pivotally mounted on the lateral movable clamp body 51 and the body cover 52. Rollers 55 
wall 15 on a concentric circle with the rotation supporting for rotationally supporting the rotor piece 31(32) are pivot- 
groove 19. The three rollers 20 are arranged such that two 5 ally mounted on the body cover 52 on a concentric circle 
side rollers 20 are symmetrically disposed with respect to a with the rotationally supporting groove 54. The three rollers 
central roller 20 at intervals of 60° 55 are arranged such that two side rollers 55, 55 are 
Apositioningprojectton 21 is provided to the fixed clamp symmetric^Uy ^sposed with respect to a central roller 55 at 
bodylSastoprotnidefromtheuppersideofthelateralwail "J™? of . 60 : furthermore forked supporting brackets 
15 10 56* 57 for P in J oints are provided protruding at both ends of 
* ,1 1 . , „. « me movable clamp body 51. 
The fixed clamp body 13 is, as mentioned above, config- N&x[ nQ 9 fc sec ^ ongA view of the ^ lube holder 1. 
ured such that the first tube holder 1 is disposed paraUel to More particularly, this is a schematic view stowing the fixed 
and movable with respect to the second tube holder 2. FIG. d u ^ the fixed clamp 5ody 13 from which the body 
6 is a plan view of the fixed clamp body 13. cover u h remove d and the movable clamp 12 with the 

The fixed clamp body 13 is provided with a slide tube 22 15 ciamp My 51 illustrated in section, 

formed on the lateral wall 15 as to protrude perpendicularly tobe holder j ^ assembled by pin-joining the 

thereto and a guide roller 23 supported rotatably in a fixed damp n t0 the m0V able clamp 12 by the respective 

direction along an axis of the slide tube 22. The slide tube supporting brackets 17, 56. The movable clamp 12 thus can 

22 is fitted on a protruding guide rod provided in the second be oscillated or turned about the pin joining the brackets 17 

tube holder 2, which will be mentioned later. The guide 20 and 56 ^ ^ ^ om ^ h£aa cnd of the body 51 moves i nto 

roller 23 is disposed within a guide groove 29a of a guide contact with the ^ damp n (a closcd posiUoa of tfap 

block 29 fixed to the base 210 as shown in FIG. 1. movable clamp 12) or away from the fixed clamp 11 (an 

In this manner, the fixed clamp 11 of the first tube holder open position) as illustrated in FIG. 1. A buckle 125 (see 

1 is attached such that the fixed clamp body 13 is supported pig. 8) is pin-joined to the supporting bracket 57 formed at 

above and out of contact with the base 210 by the slide tube 25 the oscillation end of the body 51 of the movable clamp 12. 

22 and the guide roller 23. The buckle 125 is configured such that a jaw portion 127 

The fixed clamp body 13 is further provided with a may be hooked over the bearing 28 of the fixed clamp 11 and 

pressing arm 24 formed protruding toward the second tube be locked in the state shown in FIG. 9. 

holder 2 side as shown in FIG. 6. At the tip end of the arm i n the clamping condition of the first tube holder 1 shown 

24, a roller bearing 25 is pivotally supported. fa piG. 9 } the set tubes 7, 8 (see FIG. 2) are held one over 

The fixed clamp 11 movably supported with the slide tube the other in the holding grooves 33a, 33a of the rotor pieces 

22 and the guide roller 23 is always urged to the second tube 31, 32 so that they are symmetrically clamped and closed by 

holder 2 side by a spring 131 arranged between the fixed the closing portions 33&, 33Z> as illustrated. It is to be noted 

clamp 11 and a supporting wall 181 fixed onto the base 210 35 (hat the clamp rotor 30 in FIG. 9 is illustrated in a section 

as shown in FIG. 1. along the line B — B of the rotor pieces 31, 32 shown in FIG. 

Thus, the roller bearing 25 provided at the tip end of the 4. 

pressing arm 24 is always brought into contact with a driving The rotor pieces 31, 32 are mounted in the movable clamp 

cam within the second tube holder 2 (described later) so that 12 and the fixed clamp 11 respectively so that the three 

the bearing 25 rolls along a cam surface of the driving cam. 4Q rollers 55 and the three rollers 20 are inserted between the 

A tube guide 40 (see FIG. 1) for accurately setting the tube holding portions 33 and the rim portions 35. In the 

tubes is fixed to the body cover 14 of the fixed clamp U. clamping condition as illustrated, the rotor pieces 31, 32 

FIG. 7 is a perspective view of the tube guide 40 showing form one clamp rotor 30 (see FIG. 3), and the rollers 20, 55 

the side which is in contact with the body cover 14. are located at equal intervals (intervals of 60°) on a con- 

The tube guide 40 is constructed of a guide body 41, a pair 45 centric circle. The clamp rotor 30 is placed with the closing 

of guide claws 42,42, and springs 43,43 disposed resp ec- portions 336, 33fc protruding to the second tube holder 2 

.tively outside of the claws 42,42 so as to urge them inwards side. 

(toward e ach other). The fixed clamp 11 is configured such that the stepping 

Specifically, a warped groove 41a is formed in the center motor 3 (see FIG. 2) is fixed to the body cover 14, a driving 

of the guide body 41 on which the tubes are set. The guide 50 gear 61 is attached to a motor shaft 3a of the motor 3, the 

claws 42, 42, attached to the guide body 41 and arrang ed on shaft 3a being inserted through a through hole 32a (see FTG. 

both sides of the groove 41q, are urged to the groove 41 a 1) into the interior of the fixed clamp 11. The driving gear 

side by the springs 43, 43. The guide claws 42, 42 are thus 61 is in mesh with an access gear 62 and a drive gear 63, and 

urged in directions of moving toward each other. These tbe driving gear 63, in turn, is in mesh with the rotor gear 36 

guide claws 42, 42 are movable in the urging directions. It 55 of the clamp rotor 30. 

, should be noted that the pair o f guide claws 42, 42 ar e The fixed clamp 11 and the movable clamp 12 are 

identical in configuration and disposed such that one fa ces provided with locking mechanisms, serving as rotation 

jfae front while the other one is reversed, whereby they may preventing means, for supporting the rotor pieces 31 and 32 

be used on either side, thus enabling the use of commo n in position within the corresponding clamps U and 12 in 

parts. so order to prevent displacement of the rotor pieces 31 and 32 

Next, FIG. 8 is a perspective exploded view of the from the positions shown in FIG. 9 while no tube is set or 

movable clamp 12 of the first tube holder 1 seen from the tbe tubes set therein are not clamped. Each of the locking 

second tube holder 2 side. The movable clamp 12 is con- mechanism is arranged to fit into the locking groove 37a or 

stmcted at a movable clamp body 51 and a body cover 52 37£ provided in the rotor pieces 31, 32 for limiting 

attached to the body 51, thus becoming hollow, similarly to 6S displacement, or misalignment, of the rotor pieces 31, 32. 

the fixing clamp 11, and the rotor piece 31 (32) is mounted The locking mechanism on the fixed clamp 11 side will 

therein. first be explained. This locking mechanism is constructed of 
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a slide plate 65 which is an engaging slider, a crank plate 66, The fixed clamp body 83 is, as shown in FIG. 10, provided 
and a spring 67 as illustrated in FIG. 9, In the slide plate 65 with a guide rod 91 formed perpendicular to the lateral wall 
are formed two circular slide holes 65a, 65ft extending 85 for supporting the slide tube 22 (see FIG. 5) of the first 
lengthwise of the plate and located in parallel with each tube holder 1. The lateral wall 85 is largely cutout for 
other. The slide plate 65 is slidably supported by engaging s exposing an internally provided driving cam 92 to the 
the holes 65a, 65b with pins 68a, 68b formed projecting on exterior 

me lateral waU 15 of the fixed clamp body 13. The drivmg cam 92 is formed mtegrally with a reduction 

The slide plate 65 is formed with an engaging portion 65p gs and fc pivotally mounted within the fixed clamp 

at a tip end thereof; protruding in a longitudinal direction of *^ g3 . ±& frustrated positioQ . The driving cam 92 is 
the slide holes 65a, 65b, and a hook portion 6Sq at the other , n . . e , . f - VA M OT J*» ,„ 

end thereof, bent almost perpendicularly from the plate 10 instituted of a circular shaped ^ slide cam 93 and an eccen. 
surface. The slide plate 65 is always urged toward the center ^ shaped cutting cam 94 that are mtegraUy formed. The 
of the clamp rotor 30 by a spring 67 anchored at one end to sljdt? 93 » fon * C 0Q the e ? d ^ with a slide cam 
the pin 68a and at the other end to the hook portion 65a. surfaoe 93a ^ a sIo P e for hanging a height of the cam 93 
On the other hand, the crank plate 66 serving a lever is , m £he ^ial Action. The cutting cam 94 is formed, on the 
rotatably supported at substantially a central portion thereof 15 outer P^nphery, with an eccentric cam surface 94a. 
about the pin 6Sb so that one end (lower end) having a On the other hand, the stopping motor 4 (see FIG. 2) is 
straight linear shape is made into contact with an abutment axed t0 ™e D o dv °° V6r S4 > as shown in FIG. 10. A driving 
surface of the hook portion 6Sq of the slide plate 65, the g ear 96 & attached to a motor shaft 4a of the motor 4, the 
surface being inside in an urging direction, while the other shaft 4a being inserted into the interior of the body 83 
end (upper end) having an L-shaped configuration is dis- 20 through a through hole 84a. The driving gear 96 is in mesh 
posed to be insertable in a window portion 26 formed in the with the reduction gear 95. 

fixed clamp body 13. A tube guide 100 is provided in the fixed clamp body 83 

The locking mechanism on the movable clamp 12 side is as shown in FIG. 11. The tube guide 100 is constructed of 
constructed of a flat spring 71 having a U-shaped configu- - a P a »r of guide claws 101, 101 serving as supporting means 
ration and an engaging piece 72 fixed on the spring 71. This 2 &>t supporting ^ therein. These guide claws 101, 101 
fiat spring 71 is a resilient member of the invention. The are disposed penetrating the outer frame 86 forming an 
engaging piece 72 has an engaging protrusion insertable in upper surface of the body 83 to protrude upward. These 
the locking groove 37 of the clamp rotor 30. The flat spring guide claws 101 are integrally formed with a plunger case 

71 is formed, at one end, with a supporting ring 71a which 3Q 102 disposed inside the fixed clamp body 83. 

is anchored to a pin 58 formed projecting from an inside wall Projections 101a, 101a are formed in the guide claws 101, 
of the movable clamp body 51. The other end of the flat 101 at respective tip end portions, projecting inwards, for 
spring 71 is abutted against an inside wall of the movable preventing the tubes set in the guide 100 from coming off. 
clamp body 51 so that the inside wall receives the urging A holding groove 103 provided between the guide claws 
force of the flat spring 71. At this time, the engaging piece 35 101, 101 is continuous to and flush with a holding groove 98 

72 is urged toward the center of the clamp rotor 30 by the formed in the fixed clamp body 83. On the other hand, the 
flat spring 71. plunger case 102 is a housing in which a stepped plunger 

The locking grooves 37a, 37b respectively formed in the 104 is disposed slidably in a vertical direction. The housing 
rotor pieces 31, 32 are arranged to face the engaging portion is open in the bottom and fixedly mounted on a supporting 
65/? and the engaging piece 72 in a clamping condition as ^ plate 99 formed protruding inwards from the lateral wall 85 
indicated in FIG. 9, thereby uniquely positioning the rotor in the fixed clamp body 83. 

pieces 31, 32. Each of the locking grooves 37a, 37b is The plunger 104 is urged upward by a spring 105 arranged 
defined by inner opposite parallel surfaces of the two between the plunger 104 and the supporting plate 99 so that 
protruding walls. In association therewith, the engaging a tip end of the plunger 104 penetrates to protrude from a 
portion 65p and the engaging piece 72 which are inserted 45 bottom surface of the holding groove 103 of the tube guide 
into those grooves are formed in a square protruding shape 100. The plunger 104 is also provided with a magnet 106 
corresponding to the groove shape. embedded in a lowermost step portion thereof such that a 

The second tube holder 2 will be next explained in detail. position of this magnet 106, that is, the height of the plunger 
FIG. 10 is an external perspective view of a fixing clamp 81 104 may be detected by a tube holding detecting sensor (not 
of the second tube holder 2 viewed from the first tube holder 50 shown) fixed in the body cover 84. The presence or absence 
1 side. FIG. 11 is a perspective view showing a fixed clamp of a tube within the holding groove 103 is determined upon 
body of the second tube holder 2. detection of the height of the plunger 104. 

This fixed clamp 81 is constructed of a hollow fixed clamp An O-ring 107 is fitted to the plunger 104 for preventing 
body 83, similar to the first tube holder 1, and a body cover dialysis liquid from flowing into the plunger case 102 in case 
84 covering the hollow body 83 from the exterior. This body 55 the liquid leaking from cut tubes should enter the through 
83 is configured such that an outer frame 86 as illustrated is hole formed in the bottom surface of the holding groove 103. 
perpendicularly provided to a lateral wall 85 and the body FIG. 12 is a perspective view showing a fixed clamp 82 
cover 84 is fixed to this outer frame 86 by screws. and a buckle 120. The movable clamp 82 is constructed of 

The fixed clamp body 83 is formed with a single sup- an integrally-molded hollow clamp body 110 both ends of 
porting bracket 87 and a forked supporting bracket 88, 60 which are formed with forked supporting brackets 111, 112. 
respectively, at both upper corner portions thereof. The This clamp body 110 is provided with a U-shaped groove 
single supporting bracket 87 is provided for a pin joint with 113 for passing a tube through, a closing portion 114 formed 
the movable clamp 82, while a bearing 90 is pivotally protruding in a lateral direction, a pressing portion 115 
supported between the forked supporting bracket 88. A between the groove 113 and the closing portion 114. The 
positioning protrusion 89 is formed in the fixed clamp body 65 pressing portion 115 is protruded as to slightly press the 
83 as to protrude upward from an upper side of the lateral tube. The movable clamp body 110 is further formed with an 
wall 85 as shown in FIG. 10. engaging wall 116 which is disposed closer to an oscillation 
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end side of the body 110 (the buckle 120 side) and will be Here, the holding groove 98 of the fixed clamp body 83 

made into contact with the positioning protrusion 89 of the has a bottom surface flush with a height of the closing 

fixed clamp body 83. portion 33ft of the rotor piece 31 (32) located on a lower side 

The buckle 120 is pin-j oined to the supporting bracket 112 so as to correspond with the height of the tubes 7, 8 grasped 

of the movable clamp body 110. The buckle 120 is of a 5 and closed by the clamping rotor 30. 

configuration which can be integrally assembled with the Therefore, the lubes 7, 8 are squeezed symmetrically with 

buckle 125 of the first tube holder 1 shown in FIG. 8. respect to an intermediate point of respective center axes of 

Specifically, a grasping plate 121 of the buckle 120 is largely the tubes 7, 8 (i.e., a contact line of both tubes 7, 8) in the 

projecting to one side (the first tune holding holder 1 side) clamp rotor 30 side, while the tubes 7, 8 are squeezed to the 

at which a groove 122 is formed for allowing an inserting w bottom surface side of the holding groove 98 in the fixed 

portion 126 and a pin 129 of the buckle 125 to be inserted clamp body 83 side as shown in FIG. 13. 

therein. Furthermore, the buckle 120 is formed with a jaw a cutting mechanism is further provided between the first 

portion 123 and a pressing protruding piece 124, similarly to tube holder 1 and the second tube holder 2 for vertically 

the buckle 125, at a position corresponding to the supporting moving the wafer 6 for cutting the tubes 7, 8 squeezed and 

bracket 112, 15 held in the holders 1, 2. 

As illustrated in FIG. U, the second tube holder 2 is This cutting mechanism will be explained below. A wafer 

assembled by pin-joining the movable clamp 82 to the fixed holder 140 for holding and vertically moving the wafer 6 is 

clamp body 83 by the supporting brackets 87, 111. The disposed between the above-described first and second tube 

movable clamp 82 can be oscillated or turned about the pin holders 1 and 2. FIGS, 14 and 15 are perspective views 

joining the brackets 87, 111 so that an oscillation end (the 20 showing the wafer holder 140 for holding the wafer 6. More 

buckle 120 side) moves into contact with the fixed clamp 81 particularly, FIG. 14 is a view of the holder 140 seen from 

(a closed position of the movable clamp 82) or away from the first tube holder 1 side and FIG. 15 a view of the same 

the fixed clamp 81 (an open position) as shown in FIG. U. ^ fr om the second tube holder 2 side. 

On the other hand, the jaw 123 of the buckle 120 The wafer holder 140 is supported so as to be able to 

pin-joined to the oscillation end of the body 110 of the oscillate or rotate about the guide rod 91 of the second tube 

movable clamp 82 is hooked over a bearing 90 and is locked holder 2, and is constructed of a base plate 141 provided 

in a clamping condition as illustrated in FIG. 11. with an oscillation tube 142 which is slid onto the guide rod 

In the clamping condition of the second tube holder 2 91, a fixed plate 143 and an opening/closing plate 145 which 

shown in FIG. U, the holding groove 98 of the fixed clamp 30 arc provided on both sides of the base plate 141. The fixed 

body 83 and the closing portion 114 of the movable clamp plate 143 is fixed to the base plate 141 on the first tube holder 

body 110 are arranged to have a clearance therebetween 1 side, and a groove (not shown) is formed between the 

sufficient to squeeze the tubes 7,8 set therein one over the plates to allow the wafer 6 to pass through. The fixed plate 

other into flat shapes, thereby to close the interior of the 143 is provided with two stop portions 143a, 143ft extending 

tubes. 35 upward with turned ends for preventing an upward displace- 

The first rube holder 1 and the second tube holder 2 ment of the wafer 6. 

constructed as above are disposed on the base 210 in parallel The opening/closing plate 145 is supported rotatably 

with each other, as shown in FIGS. 1 and 2. More about a shaft provided at a lower portion with respect to the 

particularly, the fixed clamp body 83 of the second tube base plate 141. When a lower portion of the plate 145 below 

holder 2 is directly fixed onto the base 210 and the slide tube 40 the shaft-supported portion is urged by an urging member, 

22 of the first tube holder 1 is slid on the guide rod 91 formed the plate 145 is rotated to move an upper portion away from 

in the fixed clamp body 83 of the second tube holder 2 (see the fixed plate 143, or to an open position. Upon release of 

FIG. 10). At this time, both the fixed clamps 11, 81 are the urging force, to the contrary, the plate 145 is rotated to 

parallel to each other. Since the other end of the fixed clamp move the upper portion into contact with the fixed plate 143, 

11 (opposite to the slide tube 22 side) is also supported by 45 or to a closed position. 

the guide roller 23, the first tube holder 1 is enabled to move On the opening/closing plate 145 are arranged electrodes 

as to adjust a distance between itself and the second tube 146b at a position corresponding to the stop portions 

holder 2 while maintaining a parallel relation to the second I4$ a 0 f me fixed plate 143. When the electrodes 146a, 146« 

tube holder 2 and to the base 210. come into contact with a resistor terminal of the wafer 6 

In the first tube holder 1 movably supported in parallel 50 loaded in the wafer holder 140, electricity is supplied to the 

relation to the second tube holder 2 as mentioned above, the resistor through the electrodes 146a, 146a. A pressing piece 

fixed clamp body 13 is always urged toward the second tube 145ft is formed in the opening/closing plate 145 as to face 

holder 2 side by the spring 131. With this arrangement, the the stop portion 143ft of the fixing plate 143. A single linear 

roller bearing 25 of the pressing arm 24 protruding from the projection 14£y is further formed in an outer surface of the 

first tube holder 1 (sec FIG. 6) is made into contact with the 55 opening/closing plate 145 in parallel to a transferring direc- 

slide cam 93 of the driving cam 92 provided in the second tiou of the wafer 6. 

tube holder 2. The roller bearing 25 is allowed to always roll To the base plate 141 are provided positioning flat springs 
along the cam surface of the slide cam 93. 147a, 147ft, 147c for positioning the wafer 6 by pressing the 
As shown in FIG, 13, the first tube holder 1 and the second same against the fixing plate 143, and a retraction- 
tube holder 2 are arranged to have a slight space between do preventing flat spring 148 disposed in overlapping relation 
two closing portions, that is, the position of the holding to the rearmost flat spring 147a. The positioning flat springs 
grooves 33a, 33a of the rotor piece 31(32) and the position 147a, 147ft, 147c are disposed as to press the wafer 6 at three 
the closing portion 114 of the movable clamp 82 at the tip points transversely aligned in almost the center of the height 
end of the holding groove 98 of the fixed clamp 81 FIG. 13 of the wafer 6 loaded in the wafer holder 140. The retraction- 
is a front view of the first tube bolder 1 and the second tube 65 preventing flat spring 148 is formed with a turned end 148a 
holder 2 viewed from the direction indicated by an arrow C for interrupting a retraction path of the wafer 6 that has 
in FIG. 1. already passed the spring 148. 
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For appropriately performing cutting and connecting of 
tubes, the wafer 6 is required to move in an orthogonal 
direction to tubes 7, 8 held in the first tube holder 1 and the 
second tube holder 2. For that purpose, the wafer holder 140 
needs to be oscillated along an orthogonal surface without 
deflecting or wobbling. In the present embodiment, the 
lateral wall 85 of the fixed clamp body 83 directly fixed to 
the base 210 (sec FIG. 10) is used as a reference surface so 
that the wafer holder 140 is slid along the reference surface 
to be oscillated. 

In the wafer holder 140, an end surface 142A of the 
oscillation tube 142, an end surface 151A of an attaching 
block 151 to which the positioning flat spring 147c is 
attached, and an end surface 152 A of a sliding tube 152 fixed 
at a tip end of the base plate 141 are arranged flush with each 
other. 

The wafer holder 140 is then fitted on the guide rod 91 of 
the second tube holder 2 together with the first tube holder 
1 and is urged to the second tube holder 2 side by a spring 
153 disposed the holder 140 and the first tube holder 1 (see 20 
FIG. 2). With this arrangement, each of the end surfaces 
142A, 151 A, 152 A of the wafer holder 140 are continuously 
pressed against the lateral wall 85 of the fixed clamp body 
83 serving as a reference surface. In this state, the wafer 6 
loaded in the wafer holder 140 is orthogonal with respect to 25 
the tubes 7, 8. 

The wafer holder 140 is also provided with a roller 
bearing 155 that is pivotally mounted on a shaft fixed to the 
base plate 141 on the surfaces 142A, 151A, 152A side. 
Though not shown in the drawings, the wafer holder 140 is 
attached in a state where the roller bearing 155 is inserted in 
the fixed clamp body 83 (see FIG. 10) and is put on a peak 
portion of the eccentric cam surface 94a of the cutting cam 
94 of the driving cam 92. 

The wafer transferring mechanism for transferring the 
wafer 6 into the wafer holder 140 will next be explained, A 
plurality of the wafers 6 are accommodated in a stacked state 
in a wafer cassette 160 as shown in FIGS. 1 and 2. Of those 
accommodated wafers, a wafer 6 is pushed out onto a 
transferring line and is transferred in a direction as indicated 
by the arrow X by means of a transfer top 161 which moves 
along the transferring line (see FIG, 2). 

The transfer top 161 is formed, at a tip end, with a stepped 
claw portion 161a corresponding to the thickness of the 
wafer 6. The transfer top 161 is integrally formed with a 
slider 162. This slider 162 is slidably supported on a guide 
rod 171 fixed to between supporting walls 181, 182 fixed on 
the base 210. 



sensor 186. The standby-detecting sensor 185 is a sensor for 
detecting a standby position of the transfer top 161 based on 
the position of the marker 166. The transfer-detecting sensor 
186 is a sensor for detecting a transferring position of the 
transfer top 161 based on the position of the marker 167. The 
markers 166, 167 are pivc tally supported on the female 
screw block 163 such that an opening degree between tip 
ends of the markers 166, 167, serving as an object to be 
detected, may be adjusted. 

Stoppers 175, 176 for preventing overrun of the slider 162 
are fitted on the guide rod 171 and in contact with the 
supporting walls 181, 182, respectively. 

The slider 162 is also provided with a supporting arm 168 
extending from below the transfer top 161 and a pin 169 
15 protruding from a tip end of the supporting arm 168. A 
prism-shaped beam 191 is fixed between the supporting wall 
182 and the fixed clamp block 81 of the second tube holder 
2 and in parallel with the guide rod 171. The beam 191 is 
formed with a stepped corner constituting a rail 192. A 
20 prism-shaped operating rod 195 is placed on the rail 192. A 
guide groove 195a is formed in a rear surface of the 
operating rod 195 (i.e., a surface which is in contact with the 
rail 192) along a longitudinal direction thereof. A protruding 
guide pin 193 formed in the rail 192 is inserted in the groove 
195a. 

The tip end of the supporting arm 168 formed extending 
from the slider 162 is brought into contact with a side 
surface of a rear end portion of the operating rod 195, and 
the pin 169 provided at the tip end of the supporting arm 168 
is loosely received in a bore formed in the operating rod 195. 

lube connecting operations of the tube connecting appa- 
ratus of the above-described arrangement will be explained 
below. The tube connecting apparatus is entirely covered by 
a cover (not shown) such that upper portions of the fixed 
clamps 11, 81 and the movable clamps 12, 82 are exposed 
to the exterior. Therefore, by opening the movable clamps 
12, 82 upward as illustrated in FIG. 1, the upper surfaces of 
the fixed clamps 11, 81 will appear to enable setting of tubes 
7, 8. Thus, a user sets two tubes 7, 8 (see FIG. 2) one over 
the other in the tube guides 40, 100. At this time, the tubes 
7, 8 are placed with their central axes being parallel one over 
the other. This is because the distance between the guide 
claws 42, 42 of the tube guide 40 (see FIG. 7) and that 
between the guide claws 101, 101 of the tube guide 100 (see 
FIG. 11) are adjusted to the outer diameter of the tube 7 (8). 

The tubes 7, 8 once set in the tube guide 100 are prevented 
firom coming off the holding groove 103 by the protrusions 
101a, 101a of the guide claws 101, 101. The tubes thus press 
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Furthermore, a male screw 172 is fixed to between the 50 down the plunger 104 protruding through the bottom surface 



supporting walls 181 and 182 in parallel with the guide rod 
171. A female screw holding ball (namely, a ball thread 
arrangement) is provided in a female screw block 163 
integrally formed with the slider 162. This female screw is 
engaged with the male screw 172 to constitute a ball screw. 

A transmission gear 173 is fixed to the male screw 172 at 
an end on the supporting wall 182 side. A stepping motor 5 
is fixed to the supporting wall 182 from outside with a motor 
shaft going inward through the supporting wall 182. A 



of the holding groove 103 owing to their elastic force (see 
FIG. U). 

When the plunger 104 is pushed downward by the tubes 
against the urging force of the spring 105, the movement of 
55 the magnet 106 is detected by the sensor (not shown) and a 
corresponding signal is transmitted to a controller of the 
apparatus. 

After setting the tubes 7, 8, the user closes tbe movab le 
clamps 12, 82 of the tube connecting apparatus in the 



driving gear 174 is fixed to the motor shaft of the stepping 60 condition shown in FIG. 1 by grasping the buckle 120. Thus, 



the movable clamps 12, 82 are set on the fixed clamps 11, 81 
to clamp the tubes 7, 8 held one on top of the other. 

The budde 120 being integrally assembled with the 
buckle 125 as described above, the user can simultaneously 
substrate 183 is fixed to the supporting walls 181, 182 as 65 close both the movable clamps 12, 82 through operation by 
illustrated in FIG. 2. The control substrate 183 is provided holding the grasping plate 121 (see FIG. 12). Then, when tbe 
with a standby-detecting sensor 185 and a transfer-detecting buckle 120 with the movable clamps 12, 82 being set on the 



motor 5 and is engaged with the transmission gear 173. 

Markers 166, 167 which are two plates partially over- 
lapped one over the other arc attached on an upper surface 
of the female screw block 163. On the other hand, a control 
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fixed clamps 11, $1 (see FIGS. 9 and 11) is rotated, the jaw this state, when the user then depresses the start switch, each 

portions 123, 127 are hooked over the bearings 28, 90 of the of the mechanisms of the apparatus is driven to perform 

fixed clamps U, 81 into a locking state. cutting and connecting of the tubes. At this time, the wafer 

In association with operations of setting the tubes 7, 8 and 6 is first exchanged, 

locking through the buckle 120 by the user, the tube con- s Such an exchange is performed because one wafer 6 is 

necling apparatus performs tube set confirmation and lock used for each tube connecting operation and the wafer 6 used 

releasing of the clarap rotor 30. in the last operation remains left within the wafer holder 40 

When the user fiast locks the buckles 120, 125, the (see FIG. 1). Therefore, upon depression of the start switch, 

pressing protruding piece 124 of the buckle 120 turns on a exchange of the wafer 6 is performed through the following 

limit switch 201 illustrated in FIG, 11. Then, this ON signal 10 actions (see FIG. 1 and FIG. 2), 

of the limit switch 201 is compared with a detecting signal Upon depression of the start switch by the user, the 

detected based on the movement of the plunger 104 to stepping motor 5 is driven and the rotational force thereof is 

confirm the presence or absence of the tabes 7, 8. transmitted to the male screw 172 constituting the ball screw 

If an ON signal of the limit switch 201 is input in a by means of the driving gear 174 and the transmission gear 

condition where the tubes 7, 8 are not set, the controller 15 173. The male screw 172 is accordingly rotated, causing the 

confirms a tube setting failure or the absence of tubes and female screw block 163 of the female screw engaging with 

indicates thereof by a sound or the like to the user. On the the male screw 172 to move in the axial direction. At this 

other hand, if an ON signal of the limit switch 201 is input time, the female screw block 163, formed integrally with the 

with the tubes 7, 8 being set, the controller waits for a slider 162 supported on the guide rod 171, is prevented from 

following signal representative of start of tube connection. 20 rotating by the slider 162. The driving of the stepping motor 

After the driving of the tube connecting apparatus is 5, therefore, also allows the slider 162 to slide on the guide 

started, it is necessary to prevent the movable clamps 12, 82 rod 171 in the axial direction in association with the move- 

from being erroneously opened. In case the movable clamps ment of the block 163, thus moving the transferring top 161 

12, 82 are erroneously opened, this would release clamping and the operating rod 195 in the same direction, 

of the tubes 7, 8, and thus the tubes cannot be held anymore. The stepped claw portion 161tf of the tip end of the 

Thus, a solenoid 202 shown in FIG. 10 is energized in transfer top 161 is moved in the direction indicated by an 

response to the ON signal of the limit switch 201, causing arrow X in FIG. 2 and catches the rear end of a new wafer 

a plunger 203 to moved upward. With this arrangement, the 6 to push the wafer 6 forward. At this time, a single wafer 

plunger 203 is moved up into orbit in an opening direction 3Q 6 is drawn out from the wafer cassette 160. The wafer 6 

of the pressing protruding piece 124 located as shown in pushed by the transfer top 161 is transferred in the direction 

FIG. 11 to prevent rotation of the buckle 120 itself, thereby X while keeping its upright state and is slid into the groove 

preventing opening of the movable clamps 12, 82. in the wafer holder 140. 

Next, when the movable clamps 12, 82 are closed into The movement of the slider 162 in the direction X not 

contact with the fixed clamps 11, 81, the positioning pro- 35 only makes the transfer top 161 transfer the wafer 6 but also 

trusions 21, 89 are inserted into the hollow movable clamps makes the operating rod 195 perform opening and closing 

12, 82 (see FIG. 9 and FIG. 1) to be fitted therein with no operations of the wafer holder 140. Specifically, when the 

clearance in a lateral direction (lengthwise of the tubes), slider 162 is moved in the direction X, the operating rod 195 

preventing lateral misalignment. Thus, the movable clamps which is pin-supported by the tip end of the supporting arm 

12, 82 can be closed in accurate positions with respect to the 4Q 168 is similarly slid in the direction X on the rail 192. At this 

fixed clamps 11, 81. It is noted that the hollow portions of time, the operating rod 195 can be moved straight forward 

the movable clamps 12, 82 into which the positioning without falling off from the rail 192 since the guide groove 

protrusions 21, 89 are inserted correspond to positioning 195 tf is fitted on the guide pin 193 fixed on the rail 192. A 

holes of the invention. rip end of the operating rod 195 slid on the rail 192 in the 

At this time, in the first tube holder 1 side, the positioning 45 direction X is inserted between the fixed clamp 81 of the 

protrusion 21 inserted in the movable clamp 12 comes into second tube holder 2 and the wafer holder 140. Since the 

contact with the flat sprint 71, then pushing the spring 71 to operating rod 195 is synchronously moved with the move- 

retract as shown in FIG. 9, Thus, the fiat spring 71 is warped ment of the transfer top 161 through the slider 162, opening 

and deformed by the pressing force of the positioning and closing of the wafer holder 140 by the operating rod 195 

protrusion 21, and the engaging piece 72 is accordingly 50 is performol in timed relation to insertion of the wafer 6 into 

retracted to be detached from the locking groove 37b of the the wafer holder 140. 

clamp rotor 30. i n fa e path of the operating rod 195 which is moved into 

When the user then locks the buckle 125, its pressing between the fixed clamp 81 and the wafer holder 140 in 

protruding piece 128 comes into contact with the end of the synchronization with the transfer of the wafer 6 in the 

crank plate 66 projecting out from the window portion 26 of 55 direction X, disposed is the linear projection 145S of the 

the fixed clamp 11 (represented by the broken line in FIG. opening/closing plate 145 of the wafer holder 140 (see FIG. 

9) to push inward the crank plate 66. Consequently, the 15), as mentioned above. Accordingly, when the tip end of 

crank plate 66 is oscillated about the pin 68b being a fulcrum the rod 195 moving forward comes into contact with an end 

with the other end of the plate 66 pushing the hook portion portion of the linear projection 145S. However, both the tip 

6Sq of the slide plate 65. Accordingly, the slide plate 65 is 60 end of the operating rod 195 and the end portion of the linear 

slid against the urging force of the spring 67, retracting the projection 145S are tapered to prevent the operating rod 195 

engaging portion 65p to be detached from the locking from abutting against the end portion of the linear projection 

groove 37<z of the clamp rotor 30. As a result, the clamp rotor 145S. Thus, the rod 195 can be smoothly moved forward 

30 (rotor pieces 31, 32) is enabled to rotate. along the linear projection 145S while laterally pressing the 

After completion of proper clamping of the tubes 7, 8 as 65 opening/closing plate 145. In association therewith, a lower 

described above, the rube connecting apparatus enters a portion of the plate 145 including the linear projection 145S 

standby mode of wailing for a signal from a start switch. In is pushed toward the fixing plate 143 side, while an upper 



A-28 



US 6,705,372 B2 

17 18 

portion of the plate 145 including the pressing piece 14Sb is 143, so that the turned end 148a of the tip end interrupts the 

separated from the fixed plate 143. The plate 145 is turned retracting path of the wafer 6. Accordingly, in cases where 

in this manner into an open state. Thereafter, the lower the user attempts to take the older wafer 6 which has been 

portion of the plate 145 remains pushed by the operating rod pushed out from the holder 140, even if the newly loaded 
195 sliding forward along the linear projection 145S, main- 5 wafer 6 is erroneously pushed by the older wafer 6, the new 

raining the open state of the plate 145, wafer 6 is prevented from moving back by the turned end 

Then, the wafer 6 is transferred into the wafer holder 140 148* of the spring 148 and thus can be held in the specified 

in timed relation to the opening movement of the opening/ position. 

closing plate 145. This plate 145 is held in the open state When the operating rod 195 is retracted together with the 
until the wafer 6 is completely placed in a specified position, to slider 162 in the above-described manner, the opening/ 

The position of the wafer 6 loaded in the wafer holder 140 closing plate 145 is released from the pressing by the rod 

is adjusted by a stop position of the transfer top 161. In 195 and turned back from the open state to the closed state 

conjunction with the transfer top 161, as shown in FIG. 2, by the urging members (not shown). Then, the electrodes 

the marker 167 is moved and then detected by the transfer- 146a, 1466 disposed on the opening/closing plate 145 come 
detecting sensor 186. Specifically, the position of the trans- 15 into contact with the terminal of the resistor of the wafer 6, 

fer top 161 at which the marker 167 moved together with the energizing the resistor to raise the temperature of the wafer 

top 161 is delected by the sensor 186 is the specified position 6, for example, up to approximately 300° C. in the present 

of the wafer 6 within the wafer holder 140. embodiment. 

Thus, when the marker 167 is moved in the direction X When the temperature of the wafer 6 is sufficiently raised, 
together with the transfer top 161 and is detected by the 20 cutting of the tubes 7, 8 may be performed. This cutting 

detecting sensor 186, a detection signal from the sensor 186 operation is performed by oscillating (rotating) the wafer 

is transmitted to the controller. Upon receipt of the detection holder 143 to move up the wafer 6 in an orthogonal direction 

signal, the controller causes the stepping motor 5 to rotate in to the tubes 7, 8 clamped by the first tube holder 1 and the 

a reverse direction. second tube bolder 2, The oscillation of the wafer holder 140 

The reverse rotation of the motor 5 causes reverse rotation 25 are caused by transmitting rotation of the stepping motor 4 

of the male screw 172 to move the female screw block 163 (see FIG. 2) to the driving cam 92 (see FIG. 10). 

and the slider 162 in the direction opposite to the direction Specifically, when the stepping motor 4 is actuated, its 

X. The transfer top 161 is then retracted, while only the rotational output is transmitted through the driving gear 96 

wafer 6 is left in the wafer holder 140. fixed to the motor shaft 4a to the reduction gear 95, causing 

When the transfer top 161 is returned to the position as 30 the driving cam 92 integrally formed with the reduction gear 

illustrated in FIG, 2, the standby-detecting sensor 185 95 to rotate. As the driving cam 92 is rotated, a height of the 

detects the marker 166 and transmits a signal indicative P"^ portion of the cutting cam 94 on which the roller 

thereof to the controller to cause the stepping motor 5 to stop bearing 155 of the wafer holder 140 is put is varied, 

rotation. Accordingly, the wafer holder 140 is oscillated up and down 

As above, the moving positions of the slider 162 and 35 through the roller bearing 15S raised and lowered in relation 

others are detected by the standby-detecting sensor 185 and to the rotation of the cam 92. 

the transfer-detecting sensor 186 and controlled based on the As shown in FIG. 2, the end surface of the oscillation tube 

detection results of the sensors. The specified position of Ibe 142 of the wafer holder 140 is pressed against the fixed 

wafer 6 or the standby positions of the slider 162 and others ^ clamp 81 by the spring 153. Therefore, the end surface 151A 

may be finely adjusted by changing inclinations of the of the attaching block 151 and the end surface 152A of the 

markers 166, 167 with respect to the sensors 185, 186 fixed sliding tube 152, both of the end surfaces 151A and 152A 

to the control substrate 183. being flush with the end surface 142Aof the oscillation tube 

Returning to the time of loading of the wafer 6 into the 142, make contact with the lateral wall 85 (a reference 

wafer holder 140 (see FIGS. 14 and 15), the wafer 6 pushed 45 surface) of the fixed clamp 81. 

by the transfer top 161 is slid into the groove formed By rotation of the driving cam 92, as mentioned above, 

between the base plate 141 and the fixed plate 143. In upward oscillating (rotating) movement of the wafer holder 

positions in the path of the wafer 6 are arranged the 140 about the oscillation tube 142 is performed. At this time, 

positioning flat springs 147a, 1476, and 147c pressed against the end surface 142A is rotated about the guide rod 91 in 

the fixing plate 143 by the urging force. Thus, the wafer 6 so contact with the lateral wall 85 of the fixed clamp 81 (see 

is moved forward while pressed into contact with the fixing FIG. 10), while the end surfaces 151A and 152A are slid 

plate 143 by the springs 147a-147c to the specified position along the lateral wall 85. Thus, the wafer holder 140 can be 

mentioned above. oscillated up along the lateral wall 85 without deflecting or 

On the other hand, the wafer 6 used in the last operation wobbling, allowing the wafer 6 to move in an orthogonal 

remains loaded in the wafer holder 140. This older wafer 6 55 direction with respect to the tubes 7, 8. It should be noted 

is also pressed against the fixing plate 143 by the springs that slide tapes (not shown) for restricting sliding resistance 

147a, 147fc, and 147c. Therefore, end faces of wafers 6, 6 are adhered to sliding area of the lateral wall 85 (a reference 

(i.e., the rear end of the older one and the front end of the surface) corresponding to Ifae end surfaces 142A, 151A, and 

now one) are surely butted against each other in spite of their 152A, thereby enabling smooth oscillating movements of 

very thin thicknesses of several hundreds of /urn, so that the 60 me wafcr holder 

older wafer 6 is pushed out from the wafer holder 140 by the The heated wafer 6 loaded in the wafer holder 140 when 

new wafer 6. Thus, exchange of the wafers 6 can be reliably moved up as above comes into contact from below with the 

performed. " tubes 7, 8 clamped by the first and second tube holders 1 and 

When the wafer 6 is transferred to the specified position 2, thus melting the portions of the tubes contacting with the 

in the wafer holder 140, the rear end of the wafer 6 having 65 wafer 6 to cut the tubes. 

passed the retraction preventing flat spring 148, the tip end FIG. 16 is a view showing positions of the wafer 6 in 

of this spring 148 is pressed into contact with the fixed plate cutting the tubes 7, 8. 
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A cutting side (upper side) of the heated wafer 6 is 
brought into contact with the tubes 7, 8 from below (as 
indicated by a dotted line in FIG. 16) aod then is slid 
obliquely by the oscillation wafer holder 14ft to accordingly 
cut the tubes 7, 8 (as indicated by a solid line in FIG. 16), 
Accordingly, the contact portion of the cutting edge of the 
wafer 6 with the tubes 7, 8 is gradually shifted in the course 
of cutting, the wafer 6 can retain an amount of heat of the 
contact portion whereby to melt and cut the tubes. 

The retaining of the heat amount of the wafer 6 is required 
for the following reason. The cut end faces of the tubes 7, 8 
need to be sufficiently melted to be welded after cutting. On 
the other hand, the wafer 6 will lose heat to the tubes 7, 8 
during melting to cut them. The wafer 6 in itself is thin and 
has substantially no heat storage ability. When the wafer 6 
cuts the tubes by using only one portion of the cutting edge, 
the temperature of this portion is remarkably decreased, 
disabling the wafer 6 in contact with the cut end faces to 
sufficiently melt them. As mentioned above, the obliquely 
sliding of the cutting edge of the wafer 6 with respect to the 
tubes 7, 8 can gradually shift the cutting portions so that the 
temperature thereof may be kept above a constant tempera- 
ture sufficient to melt the cut end faces of the tubes. Thus the 
cut end faces of (he tubes can be sufficiently melted for 
connection. 

The cutting and welding of the tubes 7, 8 by the wafer 6 
is performed at the closed portions of the tubes 7, 8 squeezed 
by the first tube holder 1 and the second tube holder 2 (see 
FIG. 13). 

When the movable clamps 12, 82 are set on the fixed 
clamps 11, 81, the tubes 7, 8 held in the tube guide 40, 100 
are clamped as shown in FIG. 1 by means of the closing 
portions 33a, 33b of the clamp rotor 30 (see FIG. 3) in the 
first tube holder 1 and by means of the holding groove 98 of 
the fixed clamp body 83 (see FIG. 10) as well as the closing 
portion 114 of the movable clamp body 110 (see FIG. 12) in 
the second tube holder 2. Therefore, the tubes 7, 8 appearing 
between the first and second tube holders 1 and 2 are 
flattened with the interiors tightly closed, The flattened 
portions in question are to be cut by the wafer 6 and then to 
be welded. 

Hence, the wafer 6 is obliquely moved up as above by the 
oscillating movement of the wafer holder 140 to cut the 
tubes 7, 8 as shown in FIG. 16. The tubes 7, 8 have been 



The stepping motor 3 is operated until the clamp rotor 30 
is rotated 180° such that the rotor pieces 31, 32 change 
positions in relation to the fixed clamp U and the movable 
clamp 12. Therefore, positions of the two cut tubes 7a, 8a 
clamped vertically one on top of the other are inverted, 
similarly to the case as shown in FIG. 19. 

At this time, the clamp rotor 30, being rotationally sup- 
ported by means of rollers 20 . . . , 55 . . . arranged at 
circumferentially equally spaced intervals, can rotate accu- 
10 rately about a virtual rotational axis. 

Also, the cut tubes 7a, 8a have been clamped such that 
their cut end faces in contact with the wafer 6 are positioned 
one over the other with respect to the rotational axis of the 
rotor 30. By the 180° rotation of the rotor 30, changing 
positions of the rotor pieces 31 and 32, accordingly, the cut 
end faces of the tubes 7a, 8a can be rotated about the 
rotational axis to be accurately placed respectively in the 
positions of the tubes 8a, 7a before inverting. 
The tube guide 40 during inversion of the tubes 7a, 8a will 
2Q be explained below. FIGS. 17A and 17B are side views of 
the tube guide 40 in the present embodiment, showing the 
stale where the lube guide 40 clamps the tubes 7 and 8. 

Before rotation of Ihe clamp rotor 30, the cut tubes 7a, 8a 
are held vertically one on top of the other and are pinched 
25 between the guide claws 42, 42 from both sides as shown in 
FIG. 17A. The cut tubes 7a, 8a are then rotated in accor- 
dance with the clamp rotor 30, By a 90° rotation of the clamp 
rotor 30, the tubes 7a, 8a will be disposed alongside each 
other as shown in FIG. 17B. Subsequently, when the rotor 30 
30 is further rotated 90*, the tubes 7a, 8a are inverted from the 
positions before its 180° rotation to the positions (8a, 7a) as 
indicated in parentheses in FIG. 17A. In association with 
rotation of the tubes 7a, 8a, the lateral dimension of the two 
tubes 7a, 8a become larger as shown in FIG. 17B. At this 
35 time, the springs 43, 43 (see FIG. 7) of the tube guide 40 will 
be compressed in lateral directions by the tubes 7a t 8a, 
thereby moving the guide claws 42, 42 outwards, i.e., away 
from each other, to widen the distance between the claws 42, 
42. 

40 Accordingly, the tube guide 40 can function to reliably 
hold the tubes la, 8a regardless of how the tubes are therein 
arranged in parallel with each other (side-by-side or one on 
top of the other) by adjusting the guide claws 42, 42 into 
contact with the tubes in correspondence with the rotation of 



clamped and squeezed in advance such that liquid in the 45 the tubes, specifically, by moving the guide claws 42, 42 



tubes is pushed away from the cutting portions at clamping, 
preventing Uquid leakage when the tubes 7, 8 are cut. 

At the time of cutting the tubes, the cut ends of the tubes 
7, 8 are hot in a condition of melted or softened resin, and 



outwards (away from each other) as the tubes are rotated, 
thereby enabling a smooth inverting operation. 

The cut ends of the tubes 7a, 8a, which have been 
inverted, are disposed to face the cut ends of the tubes 8b, 
therefore are in contact in an airtight manner with the wafer 50 7b clamped in the second tube holder 2 (see FIG. 19) 
6. Therefore, the interiors of the tubes 7, 8 are prevented through the wafer 6 like the state immediately after cutting, 
from being exposed to the atmosphere and maintained in an Thereafter, when the wafer 6 is moved down and both cut 
aseptic condition until the connecting of the cut ends of the cn ds of the different tubes are brought into contact with each 
tubes is performed subsequently to the cutting. other in the axial direction, the cut end faces of the cut tubes 

Next, of the tubes 7, 8 which have been cut apart by the ss 7a, 8a are welded to those of the cut tubes 8b, 7b respec- 
wafer 6, the cut portions clamped by the first tube holder 1 lively to form two tubes 9, 10 (FIG, 20). 
are inverted by rotation of the clamp rotor 30 in the Specifically, the stepping motor 3 that has inverted the 
following manner. clamp rotor 30 is first stopped and subsequently the stepping 

The driving of the stepping motor 4 is stopped when the motor 4 is actuated again. Thus, the driving cam 92 (see FIG. 
wafer 6 is sufficiently moved up and subsequently the 60 10) is rotated to change the height of the peak portion of the 
stepping motor 3 (see FIG. 2) is driven to rotate the clamp cutting cam 94 into low, on which the roller bearing 155 (see 
rotor 30. Specifically, as shown in FIG. 9, the rotation of the FIG. 15) is put, and the wafer holder 140 is moved down in 
stepping motor 3 is transmitted from the driving gear 61 association therewith. In this manner, the wafer 6 is simul- 
attached to the motor shaft 3a to the rotor gear 36 of the taneously moved down to be whhdrawn from between the 
clamp rotor 30 through the access gear 62 and the drive gear 65 tubes 7a, 8a and the tubes 8b, 7b. At this time, the wafer 6 
63. Thus, the clamp rotor 30 is rotated as a single rotor made is booked by the stop portions 143a, 143ft, so that the wafer 
of the rotor pieces 31, 32 as shown in FIG. 9. 6 is prevented from coming off the wafer holder 140. 
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Hie driving cam 92 for allowing the wafer holder 140 the absence of tube. Based on this detection result, the 

move down is integrally constructed of the cutting cam 94 stepping motor 4 is actuated so that the rotation of the 

and the slide cam 93 for moving the first tube holder 1. driving cam 92 is adjusted to move the first tube holder 1 

Accordingly, simultaneously with the moving- down away from the second tube holder 2. 

(oscillating-down) of the wafer holder 140 to withdraw the 5 it is to be noted that when the buckles 120, 125 are 

wafer 6 from between the cut tubes la, 8a and the cut lubes detached and the movable clamps 12, 82 are opened, the 

&b, lb, the sliding of the first tube holder 1 toward the second rotor p i eces 31 32 are locked again (see FIG. 9). 

tube holder 2 side is uniquely performed. Tnus, the cut end ^ lockiD ^ performed m the foUowmg manrJe r. At 

faces of the tubes la and Ba :are pressed against the cut end first when ^ ^ ^ detaches the buc]dc ns ^ 

faces of the different tubes 8b and lb in the axial direction 10 preasing protcuding pieM u8 taer6of ^ rotated to r6 i ease 

at a predetermined tuning. ^ cranfc p]atc 66 removing ^ restriction on the slide plate 

The first tube holder 1 is always urged by the spring 131 55 through the crank plate 66, thus enabling sliding of the 

(see FIG. 1) with the roller bearing 25 of the pressing arm s ii de p i ate 65. The slide plate 65 is slid toward the clamp 

24 (see FIG. 6) brought into contact with the slide cam 93 rot0 r 30 by the urging force of the spring 67 such that the 

of the driving cam 92 (see FIG. 10). Thus, while the wafer 15 engaging portion 65/? is inserted into the locking groove 37a. 

h iS T V6 ^ by T?™ °u l riV « g , ™ m J 2 ' °* other hand, when the movable clamp 12 is opened 

the roUer beanng 25 k made to rol on the flat surface asshowniaFia 2j the positioning protrusion 21 inseAedin 

portion of the > slide cam 93, and the distance between the first ^ d 12 * relative t y F dctachedi According i v , 

tube hoWer 1 and the second tube holder 2 is mamtained ^ flafc . n £^ free eDgaging piece f 2 £ 

constant. During the withdrawal of the wafer 6 from the 20 , ./t 6 . f ... . JT?v%r i 1 - 

u t j o j *u i«j ni u ■ 1 1 j .7 „ pushed by the urgmg force of the spnng 71 mto the locking 

tubes 7 and 8 and the slide cam 93 being rotated, the roller a -i, „ P f m „ an 

u . . t . . » - . , , ' , groove 37& or the clamp rotor 30. 
bearing 25 comes into contact with the sloped slide cam 

surface 93a of the slide cam 93, rolling thereon, 8. In above manncr > u P on opening the movable clamp 

T^finVLui-.L lj, j4 , j 12, the rotor pieces 31, 32 are locked in positions at which 

ine hrst tube holder 1 is thus pushed toward the second l 1 ■ • u. u 1* 1 

tube holder 2 by the urging force of the spring 131 with the 25 7 e lllbe5 havG be ™ mvertcd iQ tho above-mentioned °P*ra- 

slide tube 22 being slid on the guide rod 91 and the guide 10a ' 

roller 23 being rotated in the guide block 29 for movement In lhe tube connecting apparatus in the present 

of the holder 1 with respect to the holder 2 in parallel embodiment, due to the provision of the locking mechanism 

relation. m tne fixed and second clamps 11 and 12 mounting therein 

Thus," the first tube holder 1 is moved closer to the second 30 the ™ tor ? icccs 31 32 respectively the rotor pieces 31 

tube holder 2 side by the distance corresponding to a *f ^ *« prevented from being displaced in the clamp 

difference in height between the flat surface of the slide cam l } and the , movable clamp 12 m case the user should push 

93 and the slide cam surface 93s, though it is a very short J? rotor pieces 31, 32 during opemng of the movable clamp 

distance. 1ms is for pressing to connect the cut end faces of 95 ^K*«* ™ } k 1 ' p" 86 ^ ** mov * b ! e 

the tubes by moving the cut tubes la, Sa for a cutting width 35 clam P * «* an the fixed clamp 11 again as illustrated in 

(approximately thickness of the wafer 6). FIG - 9 ' the rotor P iec6S 31 > 32 can be P°^ed vertically 

The cut end faces of the tubes 7, 8 will be welded by ^etric^y ^ p ^ f ats the clam rotor 30 from 

pressingthecutend faces to those of the different tubes a thus bem * ***** m the r ° tatK>ml directlOQ bef ° fe driVmg ' 

forming two tubes 9, 10 which have been mutually trans- Inversion of the tubes can also be reliably performed by 

located as shown in FIG, 20 40 ^ rota *i°n of lne clamp rotor 30 to thereby ensure reliable 

It should be noted that* the pin 129 of the buckle 125 has connection of the cut end faces of the different tubes, 
been inserted into the inserting groove 122 of the buckle Further, since the locking mechanism provided in the 
120, and the buckle 125 of the first tube holder 1 is attached movable clamp 12 is arranged such that the engaging piece 
to the buckle 120 of the second tube holder 2 with play. The . 72 for locking the rotor pieces 31, 32 is retracted from or 
buckle 125 of the tube holder 1 is thus movable along the inserted in the locking groove 37b by the positioning pro- 
groove 122 with respect to the buckle 120 of the second tube trusion 21 which comes in or out of the movable clamp 12 
holder 2. Thus, the connection between the buckle 125 of the in association with opening/closing of the movable clamp 
first tube holder 1 and the buckle 120 of the second tube 12- The rotor pieces 31, 32 can be surely locked in case the 
holder 2 will not interfere with the slight movement of the 5Q user touches them in the open state as illustrated in FIG. 1. 
first tube holder 1 towards the second tube holder 2 in a Hie locking mechanism provided in the movable clamp 
parallel arrangement. 11 is arranged such that the engaging portion 65p of the slide 
Completion of the moving-down of the wafer holder 140 plate 65 is inserted into and retracted from the locking 
is detected by a limit switch 205 (see FIG, 10) attached to groove 37a in association with locltingfreleasing operations 
the fixed clamp 81. Upon this detection, the plunger 203 of 55 of the buckle 125. Thus, similarly to above, the rotor pieces 
the solenoid 202 is moved down, thereby enabling detach- 31, 32 can be reliably locked in case the user touches them 
ment of the buckles 120, 125 from the fixed clamps 11, 81. in the open state as illustrated in FIG, 1. 

Then, the user may detach the buckles 120, 125 and open By cooperation of the engaging portion 6Sp and the 

the movable clamps 12, 82 for taking out the tubes 9, 10. In engaging piece 72 with the locking grooves 37a, 37& of the 

the above described manner, the tube connecting operation 60 rotor pieces 31, 32, the rotor pieces 31, 32 can be uniquely 

is completed. positioned to be symmetrical between before aud after 

After that, the first tube holder 1 moved to the second tube inversion of the clamp rotor 30 as illustrated in FIG. 9 

holder 2 side stays in this position until the next tube Further, since the locking grooves 37a, 37b are configured 

connecting operation is performed. 5UC h that the opposite inner wall surfaces of two protruding 

When a power switch of the apparatus is turned on for the 65 walls constituting a groove are substantially parallel In 

next tube connecting operation, the plunger 104 in the fixed relation therewith, the engaging portion 6Sp and the engag- 

clamp 81 of the second tube holder 2 (see FIG. U) detects ing piece 72 which are inserted therein are formed in a 
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square shape having peripheral faces corresponding to the 
inner wall surfaces. 

According to the tube connecting apparatus of the present 
embodiment, when the movable clamps 12, 82 are set on the 
fixed clamps 11, SI, the positioning protrusions 21, 89 5 
prevent displacement of the movable clamps 12, 82 in a 
lateral direction (which is perpendicular to a lengthwise 
direction of the movable clamps 12, 82) with respect to the 
fixed clamps 11, 81, realizing alignment therebetween. 

In this manner, the rotor pieces 31, 32 prevented from I0 
being displaced can constitute an accurate clamp rotor 30 
when the movable clamps are set on the fixed clamps. This 
can avoid connection failure of the rubes. The tubes 7, 8 are 
reliably clamped with their interiors closed by the closing 
portions 33ft, 336 of the clamp rotor 30 in the first tube 
holder 1 (see FIG. 3) and by the holding groove 98 of the 1 
fixed clamp body S3 (see FIG. 10) and the closing portion 
114 of the movable clamp body U0 (sec FIG. 12) in the 
second tube holder 2. This makes il possible to prevent 
leakage of liquid from the tubes when cut 

According to the tube connecting apparatus of the present 20 
embodiment, the user can accurately dispose the tubes 7, 8 
by using the tube guides 40, 100. More particularly, the 
distance between the guide claws 42, 42 of the tube guide 40 
(see FIG. 7) and that of the guide claws 101, 101 of the tube 
guide 100 (see FIG. 11) can be adjusted to suit the outer 25 
diameters of the tubes 7, 8. The tubes 7, 8 may be accurately 
set such that their central axes are in parallel disposed one 
on top of the other. 

The guide claws 101, 101 are formed with the protrusions 
101a, 101a at inner sides of the tip end portions, preventing 30 
coming off of the tubes. 

According to the tube connecting apparatus of the present 
embodiment, due to the provision of the plunger 104 in the 
fixed clamp 81 of the second tube holder 2 for detecting that 
the tubes 7, 8 have been held, it is possible to stop tube 35 
connecting operations in a condition where the tubes 7, 8 are 
not held, thereby avoiding connection errors likely to be 
caused by clamping errors of the tubes. 

At this time, since the bottom surface of the holding 
groove 103 from which the plunger 104 is protruded is ^ 
formed flat, the area of contact surfaces of the tubes 7, 8 with 
respect to this bottom surface is small. The elastic force of 
the tubes 7, 8 is therefore strongly exerted on the contact 
surfaces. Thus, the plunger 104 protruding to the contact 
surfaces may be reliably pressed down by the elastic force 45 
of the tubes 7, 8. 

Furthermore, the tubes 7, 8 clamped by the clamp rotor 30 
arc symmetrically squeezed with respect to an intermediate 
point of respective central axes, while the tubes 7, 8 clamped 
by the holding groove 98 and the closing portion 114 are 50 
squeezed as to be pressed to the bottom surface of the 
holding groove 98 side. Accordingly, the elastic force of the 
tubes 7, 8 may strongly act on the bottom surface of the 
holding groove 98 side, ensuring pressing of the plunger 104 
and making it possible to improve detecting accuracy of the 55 
sensor for tubes. 

According to the tube connecting apparatus of the present 
embodiment, the tube guide 40 in the first tube holder 1 in 
which the clamp rotor 30 is rotated is configured such that 
the guide claws 42, 42 are slidable. Therefore, the guide so 
claws 42, 42 can reliably hold therebetween the tubes 7a, 8a 
regardless of how the tubes are arranged in parallel with 
each other, namely, side-by-side or one on top of the other. 
Specifically, the guide claws 42, 42 can surely support the 
tubes when disposed one over the other, while mutually slide 65 
outwards to thereby permit the tubes to be smoothly 
inverted. 
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According to the tube connecting apparatus of the present 
embodiment, the buckle 125 pivotally provided in the mov- 
able clamp 12 of the first rube holder 1 is attached with play 
to the buckle 120 pivotally provided in the movable clamp 
82 of the second tube holder 2 (see FIG. 13). The pressing 
of the cut end feces of the tubes 7a, 8a to those of the tubes 
8d, 7b can be ensured even when the movable clamp 12 of 
the first tube holder 1 and the movable clamp 82 of the 
second tube holder 2 are integrally connected through the 
buckles 120, 125. Thus, the movable clamps 12, 82 are no 
more required to be individually manipulated when moving 
the movable clamp 12, 82 with respect to the fixed clamps 

11, 81. The movable clamps 12, 82 can be operated as a 
single unit due to the buckle 120, 125, making it possible to 
eliminate the need for individual manipulation of the mov- 
able clamps 12, 82, thus improving operability thereof. 

In the tube connecting apparatus of the present 
embodiment, when the tubes 7, 8 are held in the first tube 
holder 1 and the second tube holder 2, the movement of the 
plunger 203 caused in correspondence of excitation and 
demagnetization of the solenoid 202 prevents release of the 
tubes 7, 8 from the first tube holder 1 and the second tube 
holder2 under a predetermined condition of operation, or for 
a predetermined period of operation (in the above 
embodiment, this period indicates the period of from the 
locking of the buckle 102, 125 to the completion of moving- 
down of the wafer holder 140) of the apparatus after holding 
the tubes 7, 8. With this arrangement, the first tube holder 1 
and the second tube holder 2 can be prevented from erro- 
neously releasing the mbes 7, 8 until completion of connec- 
tion thereof. The cut end faces of the lubes la, 8a can be 
reliably connected to those of the different tubes 8b } lb. 

It is to be noted that the present invention is not limited 
to the above form of embodiment but may be variously 
modified without departing from the spirit thereof. 

For instance, in the above embodiment, the locking 
grooves 37a and 376, 37a and 37b are provided in the rotor 
pieces 31, 32, into which the engaging portion 65p and the 
engaging piece 72 are fitted for positioning the rotor pieces 
31, 32 to lock them. The locking of the rotor pieces 31, 31 
may be performed by alternatives to the engaging portion 
6Sp and the engaging piece 72, which are merely inserted 
into rotor gears 36", 36 of the rotor pieces 31, 32. 

Further, in the above embodiment, the locking mechanism 
in the fixing clamp 11 side is exemplarily configured in a 
sliding type whereas the locking mechanism in the movable 
clamp 12 side is configured using a flat spring. These may 
be exchanged or replaced by another types. 

Furthermore, for instance, the positioning protrusions 21, 
89 for accurately setting the movable clamps 12, 82 on the 
fixed clamps 11, 81 may be provided in the movable clamps 

12, 82 side. 

What is claimed is: 

1. A tube connecting apparatus including: 

a first tube holder provided with a pair of holding mem- 
bers for holding a plurality of flexible tubes; 

a second tube holder provided with a pair of holding 
members for holding the plurality of flexible tubes; 

cutting and connecting means for heating and melting the 
plurality of flexible tubes held in the first tube holder 
and the second tube holder to cut the tubes by a heated 
cutting plate which is moved between the first tube 
holder and the second tube holder and to connect the 
tubes cut by the cuffing plate by contacting cut end 
faces of the cut tubes held in the first tube holder with 
those of the cut tubes held in the second tube holder, the 
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cut tubes to be connected being parts of originally 
different tubes; 

a joining member for integrally connecting one of the pair 
of holding members of the first tube holder to one of the 
pair of holding members of the second tubeholder; and 5 

release preventing means for preventing, under predeter- 
mined conditions, release of the tubes from the first 
tube holder and the second tube holder after the plu- 
rality of flexible tubes are held in the first tube holder 
and the second tube holder; 10 

wherein the release preventing means prevents rotation of 
the joining member to prevent the release of the tubes 
from the first tube holder and the second tube holder. 
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2. The tube connecting apparatus according to claim 1, 
wherein the predetermined conditions include a period 
required until completion of connection of the tubes. 

3. The tube connecting apparatus according to claim 1, 
wherein the release preventing means includes a solenoid 
and an engaging member, and release of the tubes held from 
the first tube holder and the second tube holder is prevented 
by the engaging member that moves in accordance with 
excitation and demagnetization of the solenoid, 

4. The tube connecting apparatus according to claim 1, 
wherein the joining member is a buckle. 
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[57] ABSTRACT 

A reference chuck which is used with a leveling device for 
holding microelectronic substrates and other electronic com- 
ponent substrates for laser ablation and other exposure 
processes, the chuck comprising a frame body for support- 
ing the substrate to be processed, clamping means at the 
periphery of the frame body for holding the substrate t o the 
frame body and elastomeric means for urging the substrate 
mounted in the reference chuck against the clamping means. 
The undersides of the clamping means which contacts the 
upper surface of the substrate forms in its tightened position 
a clamping plane which clamping plane is parallel with an 
established plane of the lower surface of the chuck. The 
reference chuck provides a very low profile envelope for use 
with conventional leveling devices and the top surface of the 
substrate and the lower surface of the reference chuck are in 
parallel planes when the chuck is placed on the working 
surface of the leveling device. 

10 Claims, 4 Drawing Sheets 
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LASER ABLATION TOP SURFACE Both the substrate and mask systems have a stage that 

REFERENCE CHUCK positions the mask or substrate relative to the X-Y table and 

BACKGROUND OF THE INVENTION a chuck ^ hoIds substrate or mask - 

1 Field of the Invention ^ aut0 foous md leVelin S system is designed to measure 

This invention relates to a chuck for holding microelec- 5 th % ***** be*wo the auto focus sensor and the .lop 

tronic substrates and other electronic component substrates surface of the substrate. Hiis distance is controlled by dnve 

during the substrate manufacturing process, and, in abators in tfao substrate stage. The £uib dnvo moves the 

particular, to a reference chuck for use with leveling devices, substrate up and down to focus differing substrate thick- 

e.g., optical types, to enhance the effectiveness of the nesses. The top leveling drives are used to compensate for 

leveling device in the tonography or ablation steps of the 10 anv wed S e » Pirate. 

manufacturing process. Automatic focus and automatic leveling are generally 

2- Problem to be Solved achieved by projecting a line of light on the substrate top 

The manufacture of microelectronic substrates or other surface aad reAdin S the reflected ^ with a ^ photo- 

electronic component substrates require a number of steps to t , detector. The light is typically emitted from a fiber ophc light 

fabricate the desired circuit on the substrate. In the lithog- g^de connected to a Hg arc lamp light source and filtered 

raphy steps of the manufacturing process lithography or for 365 nm * 

ablation tools are used to ablate vias in the top surface A common problem in the leveling step of the substrate 

metallurgy (TSM) e.g., polyimide coating, of in-process manufacturing process is the large percentage of leveling 

microelectronic substrate packages. Most lithography or 20 errors due to distortion of the substrate. The substrate must 

ablation tools have a very limited travel with which to level be essentially flat or planar to achieve a high resolution 

a microelectronic substrate or other electronic component. pattern in the lithography process. This distortion is typically 

This limited travel is normally due to the need to have a very more than the amount of adjustment that the leveling cams 

rigid focus/leveling system. The terms microelectronic sub- of the leveling tool can perform. The cams arc used to 

strates and substrates will be used interchangeably herein 2S automatically raise or lower the substrate into the focus and 

and it should be kept in mind that the term "substrate" may level position. Some substrates pass the focus/level after 

apply to many types of microelectronic and electronic several re-trys while others have to be completely removed 

substrates. from the tool, repositioned in the holding fixture, and then 

As the metal loading in substrate packages increases and ag*™- Each re - trv wnere the substrate has to be 

becomes more non-symmetric, it has become very difficult 30 removed and repositions takes time and this is of great 

to make substrates where the top side metaUurgy(TSM) and impact to the Ihrougb-pul and delivery schedule of (he 

bottom side metallurgy (BSM) surfaces are parallel This substrate products. 

non-parallelism in combination with the limited travel of One substrate fixturing method is to place the substrate 

leveling systems is the main cause of leveling problems onto a chuck which uses the bottom surface of the substrate 

since the systems are not able to travel far enough to level 35 at three points to establish a reference plane and then to bank 

BSM referenced substrates. When a substrate is processed in the substrate into a fixed chuck comer relative to a set corner 

a laser ablation or other lithography tool, it generally has to of the product. Some substrate products however are not 

be brought into the focus range and leveled or distortions in very parallel between the top and bottom surfaces due to the 

the exposed substrate result with the circuit being either density of the circuitry and, therefore, distortion of the 

nonfunctional or, at best, having less than optimum perfor- 40 exposed substrate at the focus/level alignment of the tool 

mance. and/or multiple leveling procedures results. 

In general, leveling devices comprise a workstation con- Bearing in mind the problems and deficiencies of the prior 

sisting of parallel base plates which carry a substrate X-Y art, it is therefore an object of the present invention to 

stage, a mask X-Y stage and supports a bridge assembly. The provide a reference chuck used with leveling devices to hold 

projection optics consist of a 1:1 telecentric lens. The tool is 45 substrates in lithographic or ablation processes to increase 

typically enclosed in an environmental chamber to maintain the effectiveness of both the leveling process and the lithog- 

a Class 10 environment. raphy or ablation process. 

An ablation leveling system typically processes a single \ t another object of the present invention to provide a 

substrate at a time and the substrate is loaded onto the method for making electronic components, e.g., microelec- 

substrate chuck located on top of the substrate X-Y table, so tronic substrates, which are made by lithographic or ablation 

The X-Y table then positions the substrate under an optical methods and in particular lithographic or ablation processes 

auto focus assembly. Next, a Z axis slide and two leveling which use leveling devices. 

drives located in the substrate stage are used to focus and A farthcr of the invention is to provide electronic 

level the substrate . The tool also automatically loads a mask components,**, microelectronic substrates, made using the 

using an AHSM (Automatic Handling System Mask) onto 55 meth F od and apparatus of me invcntio n. 

the mask chuck located on top of the mask X-Y table. A , , . .71 - 

pattern recognition system then locates the pre-align targets St & other objects and advantages of the invention wfllm 

which are located at each corner of the substrate or mask. * & ° bvious **I ™fl in P art be VP™* from the 

The targets arc mapped and the locations recorded. The tool specification. 

calculates a global X-Y translation and global rotation, 60 SUMMARY OF THE INVENTION 
which are used as a basis for finding the center of the 

substrate or mask, After substrate and mask prealignment, The above and other objects and advantages, which will 
the mask is aligned to the substrate using the on axis be apparent to one of skill in the art, are achieved in the 
alignment system. When the substrate and mask are aligned, present invention which is directed to, in a first aspect, a top 
data from a stored program are used to ablate the part. 65 surface reference chuck for holding microelectronic sub- 
Multiple masks may be used. After ablation the part is strates or other electronic component substrates during laser 
unloaded. ablation or other lithography exposure or ablation steps of 
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the substrate manufacturing process which lithography or 
ablation steps use leveling devices to provide a level sub- 
strate surface for exposure or ablation,, wherein the chuck 
establishes a substrate top surface and lower chuck surface 
having parallel planes by utilizing clamps which secure the 5 
substrate to the chuck and which clamp/substrate mating 
surfaces form a clamping plane with the clamping plane and 
lower chuck surface plane being in parallel planes and which 
lower chuck surface rests upon the leveling device and 
which lower chuck surface is planar and preferably in a three ic 
point comprised planar surface. 

The top surface reference chuck comprises a plurality of 
resilient seats, e.g., three elastomeric seats situated prefer- 
ably diametrically opposed at two sides of a rectangular 
chuck and are at the periphery of a central recess opening of * 5 
the chuck upon which seats the lower surface of the substrate 
rests. The substrate is secured in the chuck with clamps, 
preferably three clamps and preferably positioned adjacent 
and proximate to the elastomeric seats, which clamps are 
positioned on the upper surface of the chuck and when the 20 
clamps are tightened, the substrate is squeezed against the 
resilient seats and the substrate urged against the underside 
clamping surface of the clamps. The underside clamping 
surfaces of the clamps when tightened form a parallel plane 
with the lower plane surface of the chuck. The parallel plane 25 
top surface of The substrate is established by the resilient 
seats urging the substrate against the underside clamping 
surface of the clamp. 

The chuck has been found to eliminate many of the 
substrate leveling concerns at the laser ablation or other 30 
lithography step of the manufacturing process. 

In a further aspect of the invention, a top surface reference 
chuck for holding a microelectronic substrate or other elec- 
tronic component substrate to be exposed or ablated in a 3£ 
lithography process such as a laser ablation process com- 
prises: 

a frame body for supporting the substrate to be exposed, 
e.g., laser ablated, the frame body having a lower 
surface which is planar, preferably three point com- 4G 
prised planar, and which is positioned on a leveling 
device; 

a plurality of movable clamping means secured at the 
periphery of the frame body for securing the substrate 
to the frame body, the underside clamping surfaces of 45 
the clamping means contacting the upper surface of the 
substrate and forming a clamping plane, with the plane 
of the lower surface of the frame body and clamping 
plane being parallel planes when the clamping means 
are tightened and providing a top surface of the sub- 50 
strate which is level in its secured position when the 
leveling device is level; and 
resilient means provided in the frame body, preferably at 
the periphery of the frame body and adjacent the 
clamps, for urging the secured and supported substrate 55 
against the clamping surface of the clamping means. 
In preferred aspect of the invention, the frame body 
further comprises registration means on at least two sides of 
the frame body (at 90" for a rectangular frame body) for 
positioning the supported substrate on the frame body. The 60 
clamping means are movable upward and downward and 
sideways to allow top mounting on the substrate on the 
frame body. The clamping means preferably comprise a 
spring or other such resilient means to assist in moving the 
clamping means when the clamping means are loosened to 65 
mount or remove the substrate from the chuck. The frame 
body preferably has a central recess area in which the 
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substrate is positioned. The frame body is typically rectan- 
gular and usually square such as a semiconductor chip with 
the recess being generally of the same configuration and a 
slightly larger size than the substrate to be mounted. 

It is an important aspect of the invention that the frame 
body have a low profile thickness so as to be compatible 
with conventional leveling devices. To support the substrate 
or other electronic component substrates which arc rela- 
tively heavy, it is important that the resilient means, pref- 
erably an elastomeric material, have the necessary resiliency 
to urge the substrate securely against the clamping surface of 
the clamp. It is preferred to employ elastomeric materials 
such as 60-70 Duromcter Viton, oitrile or Neoprene in the 
recess area of the frame body for urging the supported 
substrate against the clamping means. The use of an elas- 
tomeric material allows the frame body to have a low profile 
thickness and to be compatible with conventional leveling 
devices. An elastomeric material is preferable because it has 
resiliency and is non-abrasive and makes minimal contact 
with the substrate. 

It is another important aspect of the invention that the 
undersides of the clamps, which undersides mate with the 
top surface of the substrate being mounted (clamping 
surface), form in their tightened position a plane which is 
parallel with the plane of the lower surface of the reference 
chuck. In another preferred embodiment, the underside of 
the clamp which mates with the upper surface of the frame 
body are both on parallel planes so that the (1) lower surface 
of the chuck, (2) the upper surface of chuck, (3) the surface 
of the clamp which mates with the upper surface of the 
chuck and (4) the clamping surface are all in parallel planes. 
The plane of each surface may be defined by three connect- 
ing points on the surface. Thus, if the chuck has three 
clamps, a point on the underside of each clamp (clamping 
surface) when connected will be in a parallel plane with the 
plane of the lower chuck surface. The elastic memory of the 
compressed elastomer seats provide the necessary compres- 
sive force needed to urge the substrate upward and against 
the underside of the clamp. 

In a further aspect of the invention, a method is provided 
for making electronic substrates by selectively exposing a 
circuit pattern on the surface of the electronic component 
substrate the method comprising the steps of: 

mounting the substrate in a reference chuck comprising: 
a frame body for supporting the substrate to be 
exposed, e.g., laser ablated, the frame body having a 
lower surface which is planar and preferably three 
point comprised planar and which is positioned on a 
leveling device; 
a plurality of movable clamping means secured at the 
periphery of the frame body for securing the sub- 
strate to the frame body, the underside clamping 
surfaces of the clampiog means contacting the upper 
surface of the substrate and forming a clamping 
plane with the plane of the lower surface of the frame 
body and the clamping plane formed by the under- 
side surfaces of the clamping means being parallel 
planes when the clamping means are tightened, and 
providing a top surface of the substrate which is level 
in its secured position when the leveling device is 
level; and 

resilient means provided in the frame body, preferably 
at the periphery of the frame body and adjacent the 
clamps, for urging the secured and supported sub- 
strate against the clamping surface of the clamping 
means; positioning the chuck on a leveling device; 
moving the chuck to the desired position for exposure or 
ablation; and repeating the above steps until the expo- 
sure or ablation is completed and the substrate made. 
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la an additional aspect of the invention microelectronic chuck is in a parallel plane with the plane formed by the wall 

substrates or other electronic components are provided recess surfaces 166, 164 and 16cf . 
which have been made using the reference chuck and Clamp registration pins 174 and 174' are shown abutting 

method of the invention as described hereinabove. the edge of clamps 154 and I5d! respectively. The pins are 

5 employed to prevent the tightened clamps from turning and 

BRIEF DESCRIPTION OF THE DRAWINGS to hold the clamps in the desired clamping position versus 

the substrate mounted in recess area 14 on recess surface 

The features of the invention are believed to be novel and ^ 
the elements characteristic of the invention are set forth with Registration pins or set screws 18c and 184 arc used to 

particularity in the appended claims. The figures are for aIign and SCGUK tbe sabstrate in reC ess 14. 
illustration purposes only and are not drawn to scale. The Openings 196, 194 and 19d' are provided in the frame 

invention itself, however, both as to organization and body to support resiUenl means or elastomeric seats 206, 20rf 

method of operation, may best be understood by reference to aad 2 04' (204 and 2Qd not shown). The openings 19b, I9d 

the detailed description which follows taken in conjunction anc i X9d % an( j elastomer seat 206 are shown as elongated but 

with the accompanying drawings in which: any suitable opening and elastomeric seat size may be 

FIG, 1 is a perspective view of a reference chuck of the 15 employed which will effectively urge the top surface of a 

invention. mounted substrate against the underside 22ft, 22d and 224" 

FIG. 2is a top plan view of the reference chuck of the of clamps ISfc 154 and 1&* respectively. Tne resilient 

invention as shown in FIG. 1. meaDS or Homeric seats may be any suitable material as 

r, r ~ „ . , . , . , - noted above with nitrile being preferred. 

FIG, 3 is a cross-sectional view of the reference chuck of 20 _ , 1C , ... , Z * At t . c„ rn „ 

rTr ^ . , , ~ ~ The clamps 156, lSd and 154* are secured to the tramc 

FIG. 2 taken along hues 3—3. b u fay ^ f^ners llh> 2 ld and 21/f, respectively. 

FIG. 4 is an exploded perspective view of a section of a ^ d fe^nere are typically bolts which are threaded 

reference chuck of the invention showing in detail the spring - mto a threaded 0 p eil ing in the frame body 11 to lighten the 

clamp mechanism used with the reference chuck. damp tQ ^ framc body ^ clamp5 ar€ shown havmg a 

FIG. 5 is a schematic of a reference chuck of the invention protruding edge 346 (only 34b shown) overhanging the 

having a wafer mounted thereon which reference chuck is recess area 14 with the underside of the clamp edge desig- 

positioned on a leveling device used to laser ablate the nated as 22b, 22d and 224'. The clamp undersides (termed 

wafer. the "clamping surface") contact the substrate when the 

_ ^™™r^r. , n substrate is mounted and secured in the chuck. 

D ^ OT ™od!™?) x Fra 2 * a t0 P P laQ ™ w of lhe chudc 10 shown k Ha 

In describing the preferred embodiment of the present FIG. 3 is an enlarged cross-sectional view of chuck 10 
invention, reference will be made herein to FIGS. 1-5 of the shown in FIG. 2 taken along lines 3 — 3 of FIG. 2. Frame 
drawings in which like numerals refer to like features of the 35 body U is shown having a lower surface 146 and upper 
invention. surface 14a which defines recess 14. The frame body 11 is 

Referring to FIG. 1, a reference chuck generally shown as shown terminating at recess surface 16b which is the surface 
10 comprises a frame body 11 having sides 12a, V2b, 12c to which clamp 15ft is secured. Opening 19b in frame body 
and 124. The frame body 11 is shown as substantially square 11 is shown holding elastomer seat 206 in a compressed 
and has a square central recess area 14. The frame body may 40 form. Threaded opening 24b aligns with an opening in the 
be any shape necessary to hoid the desired substrate to be clamp and clamp fastener 216 is used to secure the clamp to 
laser ablated or otherwise treated and is typically made of the frame body 11. Clamp 15b has a protrusion 34b over* 
aluminum and/or stainless steel. Teflon impregnated alumi- hanging recess area 14, with the protrusion having an 
num is preferred. The frame body U has peripheral walls underside 22b. A substrate 23 mounted on the upper surface 
13a, 13b, 13c and 134 defining central recess area 14. The 45 14* of recess 14 contacts the clamp overhang underside 226 
recess area 14 has an upper surface 14a and a lower surface of clamp 156 when the clamps are tightened. The elasto- 
146 (not shown). The lower surface 146 is planar and meric material urges the upper surface 23a of the substrate 
extremely fiat. Preferably, the lower surface 146 is three to contact the clamp overhang underside 226. Side 12d and 
point surface contact planar and may be established by using wall 134 show the opposed side of the frame body, 
three area recesses in the lower part of the frame body. As so It is an important feature of the invention that the under- 
shown in FIG. 1, recessed areas 364 and 36a (together with side 22 of the clamps IS in the fastened position form a 
366 or 36c not shown) are formed to be flat surfaces on parallel plane with the established three point plane of the 
which the three leveling pads of the leveling device are lower side 146 of the chuck. Referring to FIG. 3, underside 
positioned. This establishes in effect a flat, planar lower 226 of clamp 156 in the fastened positioned with clamp lSd 
chuck surface 146. 55 and 154' form a parallel plane with the lower three point 

Tbe reference chuck 10 is shown having three clamps surfaco 146 of frame body 11. The three point surface 146 
156, lSd and 15d' which are positioned in wall recesses with is established by recesses 364, 36a and 366 or 36c of FIG. 
clamp 156 being positioned on wall recess surface 166, 1- When these two surfaces are in parallel planes, substrate 
clamp 154 being positioned on wall recess surface 164 and 23 (and upper surface 23a) are in parallel planes with the 
clamp 154* being positioned on waE recess surface 16d. 60 leveling device and the leveling device may be effectively 
Additional clamps may be used for certain applications. The and efficiently used to position the substrate for exposure, 
clamps are typically made of hard coated, (e.g., TiN) hard- Preferably, clamping surfaces 166, 164 and 164' and the 
ened steel. The wall recess surfaces 166, 16d and 164' form lower clamp sides 336, 334 and 334" of clamps 156, 154 and 
a plane which is parallel with the plane formed by the three respectively, form parallel planes with the planes of 

recessed areas 36a, 364 and 36c or 366 of lower chuck 65 lower surface 146 of chuck 10 and clamping surfaces 22. 
surface 146. Thus, when the chuck is resting on the leveling Referring to FIG, 4, an exploded view of clamp assembly 
device pads (usually three), the lower surface 146 of the 156 is shown. Accordingly, clamping surface 166 of frame 
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body 11 has an opening 246 therein. The opening supports 
spring 256 and when clamp 15b is assembled to frame body 
11 the clamp compresses spring 256 and clamp 15b is 
secured by clamp fastener 21b. Registration pins 176 main- 
tain clamp 156 in the fastened position and prevent clamp 5 
156 from turning and affecting the substrate position in the 
chuck. 

FIG. 5 shows reference chuck 10 having a mounted 
substrate 23 and being used with a leveling system shown 
generally as 26 to expose the substrate. The leveling system 10 
26 comprises a base 27 which has three leveling pads 28 on 
the upper surface thereof. The lower three point planar 
surface 146 of reference chuck 10 preferably as formed by 
recesses 364 36a and 366 or 36c is positioned on the 
leveling pads 28 and secured to the leveling system by jaws 15 
31. A laser beam apparatus 29 emits a laser beam 32 through 
mask 30 which laser beam impinges on the surface of 
substrate 23 exposing a pattern for making the substrate. 
Substrate 23 is shown being secured in reference chuck 10 
by the urging action of elastomers 20 on the underside 236 2 o 
of substrate 23 which upper surface 23a is held against the 
underside 22 of clamp 15. The height of the reference chuck 
10 including the mounted substrate 23 is shown as T. This 
distance is typically 12 mm or less and because of the 
relatively heavy weight of the substrates, the use of an 2S 
elastomer seat as the resilient means was preferable due to 
its high resiliency to size ratio and its ability to support the 
substrate weight while still applying the necessary compres- 
sive force. Elastomers are also non-abrasive to the substrate. 
It is also highly preferred that there be a gap 35 between the 30 
upper surface 14a of frame body 11 and the lower surface 
236 of substrate 23 to provide the parallel planar surfaces 
and enhanced operational results. 

Referring to FIG. 5, the method of the invention may be 
described. Accordingly, clamp fasteners 21 would be 35 
unscrewed and clamps 15 moved upwards and sideways 
typically 90° opening up recess area 14 in which the 
substrate 23 will be mounted. The mounted substrate is then 
banked into a corner with set screws 18 (not shown) and the 
clamps 15 are returned to the clamping position and tight- w 
ened with fasteners 21 to move the clamps vertically down- 
ward toward and against the upper surface 23a of substrate 
23. The clamped substrate compresses the elastomer 20 and 
the compressed elastomer 20 urges the substrate upward 
against the undersides 22 of clamps 15. The plane of upper 45 
surface 23a of the substrate 23 is now precisely parallel to 
the plane of lower three point surface 146 of chuck 10 
because the plane formed by the undersides 22 of clamps 15 
and the lower three point surface 146 of chuck 10 are in 
parallel planes. 50 

The above description was primarily directed to the use of 
a three point reference plane to establish a planar surface and 
the use of a three pad leveling device to level the substrate. 
It will be apparent to those skilled in the art however, that the 
invention is directed to utilizing a chuck having a planar 55 
lower surface which is rested on the leveling device and 
secured thereto. The substrate mating surfaces of the clamp- 
ing means (clamping surfaces) form a plane whicb is parallel 
with the plane of the lower surface of the chuck and 
establishes an upper substrate surface which is level when 60 
the clamps are tightened to the chuck and secure the sub- 
strate. 

In the preferred embodiment, three recesses are formed in 
tho lower portion of the frame body which are three point 
planar and which recesses rest on the leveling pads of the 65 
leveling tool. Recesses are formed on the upper portion of 
the frame body to which clamps are mated and secured. The 
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clamping surfaces of the clamps which secure the substrate 
to the frame body form a clamping plane which plane is 
parallel to the lower planar surface of the frame body. The 
resulting reference chuck when used with a leveling device 
provides an efficient manufacturing process for making 
microelectronic substrates requiring leveling operations to 
ablate or expose the substrate. 

While the present invention has been particularly 
described, in conjunction with a specific preferred 
embodiment, it is evident that many alternatives, modifica- 
tions and variations will be apparent to those skilled in the 
art in light of the foregoing description. It is therefore 
contemplated that the appended claims will embrace any 
such alternatives, modifications and variations as falling 
within the true scope and spirit of the present invention. 

Thus, having described the invention, what is claimed is: 

1. A top surface reference chuck for securing a substrate 
with an upper surface to be exposed or ablated in a lithog- 
raphy or ablation process comprising: 

a frame body for supporting the substrate to be exposed or 
ablated; 

the frame body having a lower planar surface which is 
positioned on a leveling device; 

a plurality of movable clamping means, each with an 
underside surface, at the periphery of the frame body 
for securing the substrate to the frame body wherein the 
underside surfaces of ihe clamping means mate with 
the upper surface of the substrate such that when the 
clamping means are tightened, the underside surfaces 
of the clamping means form a clamping plane, the 
clamping plane being parallel with the lower planer 
surface of the frame body; and 

resilient means provided in the frame body, underneath 
the clamping means, for urging the supported substrate 
against the underside surface of the clamping means. 

2. The reference chuck of claim 1 wherein the frame body 
has a central recess area to support the substrate therein. 

3. The reference chuck of claim 2 wherein the frame body 
comprises registration means for positioning the supported 
substrate in the recess of the frame body. 

4. The reference chuck of claim 3 wherein the frame body 
is rectangular. 

5. The reference chuck of claim 4 wherein the frame body 
is square and the recess area is square. 

6. The reference chuck of claim 5 wherein the registration 
means are on at least two sides of the frame body. 

7. The reference chuck of claim 6 wherein the resilient 
means is an elastomeric material. 

8. The reference chuck of claim 7 wherein the clamping 
means is rotatable to allow top mounting of the substrate in 
the recess of the frame body. 

9. The reference chuck of claim 8 wherein the clamping 
means has clamping registration means to prevent turning of 
the clamping means when the clamping means are tightened 
to secure the substrate, 

10. Atop surface reference chuck for securing a substrate 
with an upper surface to be exposed or ablated in a lithog- 
raphy or ablation process comprising: 

a frame body for supporting the substrate to be exposed or 
ablated; 

the frame body having a periphery, and a lower planar 
surface which is positioned on a leveling device; 

a plurality of movable clamping means, each with an 
underside surface, at the periphery of the frame body 
for securing the substrate to the frame body, wherein 
the underside surfaces of the clamping means mate 
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with the upper surface of the substrate such that when a plurality of elastomeric material seats provided in the 

the clamping means are tightened, the underside sur- frame body for urging the supported substrate against 

faces of the clamping means form a clamping plane, the . the underside surface of the clamping means, 
clamping plane being parallel with the lower planer 

surface of the frame body; and ***** 
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ABSTRACT 



A baseball bat or the like comprises a tube formed with an 
outer layer of wood-like veneer covering a layer of fiber 
reinforced resin, with the tube layers being impregnated 
with and bonded to one another with a cured resin. The ends 
of the tube are closed off with caps adhered to the tube and 
preferably molded in place. The tube preferably has a foam 
or aluminum core including a central cavity, said core 
having sufficient resiliency to allow the tube to resiliency 
deform during impact with a baseball. The product is formed 
by molding over a form which may constitute the cavitied 
foam core or, alternatively, a forming mandrel which is 
removed after the resin is cured. The cavity may be filled 
with a material which is less dense than the core. 



12 Claims, 5 Drawing Sheets 
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COMPOSITE BASEBALL BAT WITH 
CAVITIED CORE 

RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. Ser. No. 
137,694, filed Oct. 15, 1993 and presently pending, which is, 
in turn, a continuation-in-part of U.S. Ser No. 883,263, 
abandoned, filed May 14, 1992, which is, in turn, a con- 
tmuati<m-in-part of Ser. No. 518,782, filedMay 4, 1990, and 
now U.S. Pat, No. 5,114,144. 

FIELD OF THE INVENTION 

Ms invention relates to baseball bats or the like com- 
prising a cylindrical tube of wood veneer overlying a fiber 
reinforced resin layer and a central core, with the resin 
impregnating and bonding the three together, and to methods 
of forming such devices. 

BACKGROUND OF TOE INVENTION 

My VS. patent application Ser. No. 518,782 (now U,S. 
Pat. No. 5,114,144) discloses a baseball bat or the like 
formed of a tube halving an outer layer of wood veneer 25 
overlying an inner layer of fiber reinforced resin, with me 
two layers being impregnated with and bonded together 
with cured resin. Such bats have the desirable aesthetic 
appearance of solid wood bats, are much less susceptible to 
breakage in use than solid wood bats and can be designed to 30 
emulate the performance of either solid wood bats or exceed 
the performance of the livelier aluminum bats with larger 
sweet-spots. The present invention is directed toward 
improved versions of such bats and to methods of making 
the bats. 35 

SUMMARY OF THE INVENTION 

The present invention is directed to articles such as bats, 
drum sticks, billy clubs, cricket bats, field hockey sticks, 40 
furniture legs or the like, formed of cylindrical tubes. The 
preferred embodiment of the present invention takes the 
form of a baseball bat which tapers from a relatively narrow 
handle section into a larger diameter, bulbous, barrel section. 
The outer layer of the bat consists of one or more strips or ^ 
sheets of wood or wood-like veneer. A single veneer sheet 
may be employed, in which case the grain of the sheet is 
. preferably arrayed parallel to the longitudinal axis of the bat 
If a plurality of veneer sheets are used their grains are 
preferably crossed relative to one another. Alternatively, 5Q 
strips of veneer may be wound around in spiral fashion to 
cover the bat. 

ia a preferred embodiment, the veneer layer is formed by 
cutting a pair of longitudinally extending sections of appro- 
priately varying width, optionally imprinting at least one of 55 
the sections with a logo, and pre-shaping the sections the 
into semi-cylindrical configuration by soaking them with 
solvent and then shaping them in dies while a solvent is 
driven, off by heat 

The veneer layer formed of these two preshaped sections 60 
overlies and is adhered to a tubular layer formed of multiple 
sheets of resin-reinforced, high tensile strength fiber fabric 
such as glass, carbon, ceramic or Kevlar®. The fiber orien- 
tations of the multiple layers are angled relative to one 
another. The fiber sheets may be knitted, woven or otherwise 65 
formed and are preferably formed as a tubular sock by edge 
seaming two longitudinally aligned sections. A pair of the 
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socks, with their seams displaced by 90° relative to one 
another are arrayed over a shaped form which may either 
constitute a mandril to be later removed or a permanent foam 
core for the bat The fiber fabric is then coated with resin in 
5 liquid form, or preimpregnated fabric may be used, and the 
two veneer sections are positioned over the fabric. The resin 
is then cured while the veneer is pressed against the fiber 
layer cither by means of a vacuum bag or matched dies. In 
one embodiment of the invention, employing a removal 
10 mandrel as a form, curing is accelerated by heating the 
formed composite at a suitable curing temperature for the 
resin. When the composite is formed ,over the foam plastic 
core, the curing temperature must be limited to prevent 
damage to the core. 
15 After curing over a mandrel, the mandrel is removed, a 
preformed knob end is fitted over the open handle end of the 
tube, a preformed fiberglass cap is fitted over the barrel end, 
and both are adhered to the tube with resin. In one embodi- 
ment of the invention, a self-foaming plastic resin com- 
20 pound, preferably a urethane, is injected into the tube 
through a small hole in one of the bat ends. The two 
components of the resin react within the tube, filling the tube 
with a foamed core. The foamed in core may be partially 
hollowed out to form a core having a central cavity. The 
central cavity may be left hollow, or may be fitted with a 
second type of foam of a different flower) density. Prefer- 
ably, the volume of urethane components injected is varied 
along the length of the tube to create a higher density foam 
at the barrel end than at the handle end, shifting the center 
of gravity of the bat toward the barrel end. 

Alternatively, the tube may be closed off at the handle end 
and the barrel end without filling it with foam to provide a 
hollow bat When the resin impregnated outer tubes are 
cured directly over a foamed core, the handle end is fitted 
with a preformed knob and the barrel end with a preformed 
cap. 

Alternatively, the core may be first molded in a suitable 
mold and covered with the fiber fabric sock and liquid resin 
prior to attachment of the veneer layer. The core may be 
formed with a molded-in (or otherwise formed, such as by 
holLowing out) central cavity, either empty or filed with a 
lower density material. Preferably, the central cavity radially 
extends from the longitudinal axis of the bat and extends 
longitudinally along at least a portion of the bat. The barrel 
of this embodiment of the bat may be made relatively larger 
with respect to the handle. 

In the embodiments of the bat with foamed cores, the 
density of the foam is limited so that when the bat impacts 
a pitched ball, the tubular outer layers deform inwardly, 
locally compacting the core. The same localized deforma- 
tion occurs with a hollow core bat formed in accordance 
with the present invention, but the hollow core bat also 
undergoes a larger hoop, radial distortion. The embodiment 
including the core with the central cavity undergoes a 
combination of local spring deformation and hoop, radial 
deformation. By adjusting the size of the central cavity, 
selecting the material of which the core is formed, and 
choosing whether or not to fill the central cavity with another 
material, the relative amounts of the two types of deforma- 
tion may be changed, resulting in different performance 
characteristics. Thus, the bats of the present invention may 
be made to completely simulate the performance of a solid 
wood bat (which undergoes virtually no local deformation) 
or, alternatively, exceed the performance of the livelier 
aluminum bats with their larger sweet spots. 
Other objectives, advantages and applications of the 
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present invention will be made apparent by the following 
description of several preferred embodiments of the inven- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 5 

The description makes reference to the accompanying 
drawings in which: 

HG. 1 is a perspective, exploded, partially broken-away 
view of a bat, representing a preferred embodiment of the xo 
present invention; 

FIG. 2 is a sectional view through the bat of FIG. 1 taken 
along line 2—2 of FIG. 1; 

HG. 3 is a sectional view through an alternative embodi- 
ment of the bat having a hollow core; 15 

FIG. 4 is a partial, longitudinal cross-sectional view 
through the knob end of the bat of FIGS. 1 and 2, illustrating 
the knob end cap; 

FIG. S is a partial longitudinal cross-sectional view 20 
through the barrel end of the bat of FIGS. 1 and 2 illustrating 
the barrel end; 

FIG. 6 is a side view of a section of wood veneer, cut to 
form one of the two sections used to cover the outer surface 
of the bat of the preferred invention and imprinted with the 25 
logo required on the finished bat; 

HG. 7 is a perspective view of a veneer section after ithas 
been preshaped for use in forming the bat of the present 
invention; 

HG. 8 is a view of multiple ply, knitted high tensile fiber 30 
fabric sheets cut to form a sock for use in forming the bat of 
the present invention; 

FIG. 9 is a perspective view of a multi-ply, high tensile 
fiber fabric sock formed by sewing together two stacks of cut 
fabric sheets, for use in forming the bat of the present 35 
invention; 

FIG. 10 is a sectional view through a resin-impregnated 
tube of wood veneer overlying a fiber sock, within me 
female dies used to form bats of the present invention; ^ 

FIG, 11 is a sectional view of a cured bat tube formed in 
accordance with the present invention, with a knob fitted at 
the handle end, in the process of having self-foaming, liquid 
resin components being injected into the tube to form a foam 
plastic core by a fbam-in-place technique; 45 

FIG. 12 is a sectional view through another embodiment 
of the bat having a core with a central cavity; and 

FIG. 13 is a sectional view through the bat of FIG. 12 
taken along lines 13—13 of FIG. 12, 

50 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

While the present invention is not limited to baseball bats, 
and extends to similar articles such as drum sticks, billy 35 
clubs, cricket bats, field hockey sticks, furniture legs and the 
like, a bat constituting a prefened embodiment of the 
invention is illustrated in FIGS. 1 and 2. The bat, generally 
indicated at 10 in exploded form, consists of a tube 12, a 
handle knob generally indicated at 14 and a barrel cap go 
generally indicated at 16. The tube 12 has an outer configu- 
ration and dimensions like those of conventional prior art 
bats which are formed of solid wood, aluminum tubing, or 
fibre reinforced resin, "the bat is radially symmetrical about 
a centerline, and tapers from a relatively narrow handle end d5 
18 to a larger diameter, bulbous, barrel end 20, 

The outer surface of the bat is covered by a structural 



sheath of wood or wood-like veneer 22 coated and impreg- 
nated with a cured epoxy resin. The outer veneer sheath 22 
covers the entire tube 12. In a preferred embodiment of the 
invention the outer sheath 22 is formed of two longitudinally 
array strips or "planks" of white ash veneer of approxi- 
mately V* to Yu inch thickness. The term "plank" is used 
because the strips vary in width longitudinally so that when 
they are laid in side-by-aide abutment with one another they 
form the outer contour of the bat without overlap. The strips 
are preferably laid with their grains extending longimdinally 
along the length of the bat to provide maximum longitudinal 
tensile strength and impact resistance. In alternative embodi- 
ments, each plank may be formed of a plurality of thinner 
sheets of wood veneer with their grains preferably arranged 
at angles to one another. In yet other embodiments, the 
sheath may be formed of thin strips of veneer which are 
spiraliy wound onto, or otherwise applied to, the bat. 

. The veneer outer surface 22 o verlays a fabric layer of high, 
tensile strength resin impregnated, fabric socks 24a, 24b, 
Only two socks are shown for purpose of illustration 
although a greater or lesser number of sheets may be used in 
alternative embodiments of the invention ,, Tfre fabric layer 
surrounds a core 28 formed of a resilient uxcthane foam. 
wopfl, aluminum , or the li k e. As will be subsequentl y 
described in detail, the core may vary in density over th e 
length of the bat, preferably with a higher density section . 
adjacent the barrel end 20 to shift the center of j^vity^o^e 

foe barrel. 

The handle end of the bat, illustrated in detail in HG. 4, 
is closed off by the knob 14 which includes an extending 
cylindrical section 30 which is of the same outer diameter as 
the handle end 18 and abuts the termination of the wood 
veneer sheath 22. The knob end 14 may be formed of plastic, 
solid wood or a combination thereof, and may be integral 
with theiest of the bat 10 by molding in a process which will 
be subsequently described. 

Similarly, as illustrated in detail in FIG. 5, the barrel end 
of the tube 20 is terminated by the cap 16* preferably formed 
of fiber reinforced resin, which has a rounded end 32 and a 
tubular section 34 with an outer diameter which mates with 
the inner diameter of the fiber sections and is adhered thereto 
by resin. This end can also be formed in the mold with the 
baL 

Alternatively, the bat may be formed with a hollow core 
rather than a solid core 28. A cross-sectional view of this 
alternative embodiment of the invention is illustrated in FIG. 
3, generally at 40. The hollow core bat may otherwise be 
substantially identical to the solid core bat, althoug h to 
achieve the same weighing, it is necessary to use heavier 
cloth socks 24a,24k A hollow aluminum core could a lso 
underlie the resin impregnated fabric layer . 

One of the planks of wood veneer suitable in forming th e 
bat of the present inven tion is illustrated in FIG. 6. The 
veneer sheet 42 is cut from flat veneer stock by laser cutting, 
die cutting, router cutting, or like process so as to have the 
appropriate contour to cover half of a comp leted bat The 
veneer section 42 includes a narrow, longitudinally extend - 
ing handle section 44, a relatively wide barrel covering 
section 46 and a tapered section 48, joining the two. One of 
the two veneer aheeta used to form the outer layer of the"bat 
is preferably preprinted with a logo 50 while it is flat. The 
logo is preferably imprinted with an epoxy ink by a silk- 
screen process, or branded by burning. 

In the production of the bat, the plank 42 is preshaped into 
a semi-cylindrical configuration to create a preform gener- 
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any indicated at 52 in FIG. 7. To achieve this preform shape, 
the plank 42 is saturated with a liquid solvent such as water, 
alcohol or the like, is then shaped into the semi-cylindrical 
form in either matched dies or one die using a vacuum bag 
to pressure the plank 42 against the die, and the plank is 5 
heated to drive off the solvent. This process stretches the 
cellulose fibers of the veneer to achieve the semi-cylindrical 
shape 52. In alternative embodiments of the invention this 
preshaping step may be eliminated and the flat plank 42 may 
he shaped over the inner fabric layers as part of the same 10 
process that bonds the outer layer to the inner fabric 

The fabric socks 24 are preferably formed by stacking 
several sheets of fabric and cutting them into plank shape. A 
stack of three such fabric planks" 54a£tb>54c are illus- 
trated in FIG. 8. Any number of sheets may be employed, but 15 
the preferred embodiment utilized stacks of four sheets. 
These fabric sheets may be woven or knitted or formed by 
other process, such as by filament winding or poultrusion 
over the core or mandrel. 

By appropriate choice of the nature of the layers, the 20 
stifihess, strength, flexibility and elasticity of the final bat 
may be controlled, The preferred composition creates a bat 
with such properties that when the ball impacts the hat 
during the batter's swing the bat undergoes a localized 
deformation conforming to the contact area of the baseball, 25 
as well as xadial or hoop deformation (the cylindrical bat 
temporarily deforms into an ovoid when viewed in cross 
section). It is important that foam core 28 be sufficiently 
resilient to allow this dual deformation which aids in the 
transfer of the kinetic energy of the swinging bat to the 30 
baseball. In the hollow core embodiment of the bat, illus- 
trated in HG* 3, the outer tube of the bat also elasiically 
deforms to produce oval distortion of the overall cylindrical 
configuration of the bat as well as the more localized 
deformation conforming to the contact area of the ball. 35 

In the embodiment 70 of the present invention shown in 
FIGS. 12 and 13, the core 28 is formed with a central cavity . 
29 which extends radially from the longitudinal axis of the 
bat and longitudinally along a portion of me length of the 
bat. The cavity 29 roughly underlies the "sweet spot" area of 40 
the bat. It has the effect of increasing the hoop spring and 
decreasing the local spring; i,e., bat 70 tends to deform more 
radially (into an oval) and less locally (thus producing the 
increased trampoline effect) than bat 10. By adjusting the 
size and shape of the cavity 29, bat 70 may be designed for 45 
maximum energy transfer to the ball it hits. Furthermore, the 
cavity 29 may be fitted or partially filled with a plug 31 
formed of a different and generally less dense material to 
produce a composite core. Adjustment of the configuration 
of the cavity 29 also allows more effective marching of the 50 
veneer, fiber fabric and core density and resiliency. 

The embodiment shown in FIGS. 12 and 13 may be made 
so that the barrel 72 is relatively larger than the handle 74 
than is the case in conventional bats, without unduly increas- 55 
ing the weight of the bat A bat of such design may be 
particularly useful in youth or training environments. Simi- 
lar designs may also be employed in other products where 
.balance and "natural feel" are important. 

After two stacks of plank shaped fiber sheets of the type 60 
illustrated in FIG. 8 are created they are preferably sewn 
together along their longitudinal edges, preferably using a 
zig-zag searaer or a butt-scainer along two lines 56, to form 
a cylindrical sock 24, generally illustrated in FIG. 9. 

One alternate method of forming the bat this sock 24 is 65 
arrayed over an appropriately shaped aluminum mandrel 60 
which has been precoated with a mold release compound A 



second sock is then arrayed over the first sock withits seams 
displaced by 90° relative to the seams of the first sock. 
Alternatively, the core may be pre-formed of foam or 
aluminum, and the socks directly arrayed over the pre- 
formed core, thus eliminating use of the mandrel. 

In preferred embodiment of the present invention, the 
fabric sock which directly overlies the mandrel 60 employs 
inner layers formed of DuPont Kevlar®, or S-2 glass fiber 
and three overlying layers of graphite fiber. The Kevlar® 
layer is preferably aligned with its fibers parallel to the 
longitudinal axis of the bat The first graphite layer has its 
fibers arrayed circumferentially, at 90° to the first layer, the 
third and fourth layers have their fibers arrayed at 45° to the 
fibers of the first two layers. The Kevlar® fabric is prefer- 
ably K-49 type weighing 11.6 ozs, per square yard and is 
2160 denier, 41 ends per inch. The three graphite layers are 
of type 6K-T300 weighing 5.5 ozs. per square yard and 
having 12.0 ends per inch. The four layers are preferably 
knitted together with a thin sheet of polyester film which is 
marked with the required plank pattern. These five layers are 
then cut together to form a plank. 

A second sock is preferably formed of similar materials, 
but with a layer of fiber glass weighing 1 oz. per square mot, 
with its fibers arrayed circumferentially, overlying the out- 
ermost glass layer. The socks are sewn using Kevlar® K-49 
thread with 12 needles per inch. 

A pair of preshaped wood veneer planks 52 are then 
arrayed in matched female molds 62 and 64, The interior 
surfaces of the Yeneer preforms 52 are preferably coated 
with the liquid epoxy. Hie exterior, convex surfaces of the 
preforms 52 may or may not be coated with epoxy before 
their insertion in the mold 62,64. The fabric socks 24 are also 
thoroughly impregnated with the liquid resin, and the molds 
are then closed over the sock coated mandrel 60 or the 
pre-formed core, and the dies heated to thoroughly cure the 
resin. The resin used preferably has a curing temperature in 
the vicinity of 300° F. The preferred resin composition is 
Reichold 37127 epoxy. The resin may incorporate various 
additives such as natural rubber to improve the resiliency of 
the finished bat. 

After the resin is cured, the assembly of the wood veneer 
preforms 52 and the sock 24 are removed from the molds 
62,64, and the mandrel 60, if employed, is removed from the 
barrel end of the tube. To form a hollow core bat this tubular 
section may be finished by capping the handle end with cap 
14, joining the two by epoxy resin, and finishing the barrel 
end by the cap 16, similarly adhered to the tube by epoxy 
resin. Alternatively, the caps 14 and 16 may be formed in the 
two part, matched female molds 62,64 with the other com- 
ponents, the molds including forms for molding the knob 
cap 14 and the end cap 16. 

To form the embodiment of the bat with its foam core 28 
shown in FIGS. 1 and 2, the handle end of the bat may first 
be finished with the cap 14, as illustrated in FIG. 11, and the 
components of a self-foarning resin injected into the preform 
through a tube 66 inserted through asmall central hole in the 
open barrel end cap 16 which is later closed. In this method, 
the core is preferably a self-foaming urethane. Sufficient 
resin is injected to achieve a core density which may be in 
the range of 10-30 pounds per cubic foot, The quantity of 
liquid resin injected along the length of the tube may be 
adjusted to achieve a varying density foam. Preferably, the 
density of the foam at the barrel end is relatively high 
compared to the density adjacent the handle end to achieve 
a desirable end weighting. 
Alternatively, the bat may be formed by using a pre- 
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formed core of'urcthanefoam, aluminum, or the like, formed 
in female split dies, instead of the mandrel 60. For the 
embodiment shown in FIGS. 12 and 13, the pre-forming dies 
or molds may be designed so that the cavity 29 will be 
molded into the core. As previously mentioned, it may be 5 
partially or entirety filled with a less dense material. The 
cavity may also be formed by hollowing out matching 
portions of two molded halves of the core so as to form a 
cavity when the halves are joined. A weight of a high density 
material such as lead, may be imbedded in the barrel end of 10 
the core 60 to modify the weight distribution. The socks 24 
are arrayed over the preformed core and impregnated with 
liquid resin, and the veneer preforms 52 are laid over the 
outer surface of the socks 24. The caps 14,16 are placed at 
the handle and barrel ends. The assembly is preferably cured is 
in matched female molds. Alternatively, it could be cured in 
a vacuum bag placed within an autoclave. In this method of 
forming the bat, the curing temperatures for the resin can be • 
limited to avoid damage to the foam core, limiting the 
strength of the finished bat and increasing the curing time. 20 

Rather than forming the fabric layers in the form of socks 
which are placed over the mandrel, the fabric layers may be 
formed by filament winding techniques or by "pulltrusion" 
techniques known in the composite art. 

Having thus described my invention, I claim: 2 * 

1. A baseball bat comprising a tube having a cylindrical 
outer layer of veneer overlying a cylindrical resin reinforced 
fiber layer formed of a plurality of sheets of fiber fabric, the 
fiber layer overlying a core including a central cavity formed 
therein, the surface of the veneer overlying the fiber layer 30 
and each of said plurality of sheets of fiber fabric being 
impregnated with and adhered to one another with resin such 
that the veneer layer is bonded to the fiber layer with said 
resin. 

2. The baseball bat of claim 1 wherein said central cavity 35 
radially extends from the longitadinal axis of the bat and 
longitadraafly extends along at least a portion of the length 
of the bat. 

3. The baseball bat of claim 2 where the central cavity is 

at least partially filled with a material of a different density 40 
than the density of the core. 

4. A baseball bat comprising a tube tapering from a 
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relatively small cross-sectional handle and to a relatively 
large cross-sectional barrel end, the tube consisting of a 
cylindrical outer layer of veneer overlying a cylindrical resin 
reinforced fiber layer formed of a plurality of sheets of fiber 
fabric and overlying a core disposed within said tube and 
.defining a cavity in a region of the bat underlying a sweet 
spot conmciding with a desired striking region on the 
surface thereof to provide improved local deformation and 
radial deformation of said bat upon impacting a baseball, 
said veneer layer and said fiber layer being impregnated with 
resin so as to bond said veneer layer to said fiber layer. 

5. Hie baseball bat of claim 4 wherein the cavity extends 
from the barrel end of the tube for a distance along the length 
thereof. 

6. The baseball bat of claim 4 where the central cavity is 
at least partially filled with a material of a different density 
than the density of the core. 

7. The bat of claim 4 further comprising a resin reinforced 
fiber end cap disposed on the barrel end of said tube and 
adhered thereto by said resin. 

8. Hie baseball bat of claim 4 wherein the bat is con- 
structed such that, when a ball strikes the bat anywhere on 
its surface but said sweet spot, the bat produces a stinging 
sensation when said handle end is gripped by a user. 

9. The bat of claim 4 wherein the core is formed of foam 
plastic. 

10. The bat of claim 4 wherein the core is formed of 
aluminum. 

XL The bat of claim 9 wherein said foam plastic core has 
a greater density at the barrel end thereof than at the handle 
end thereof. 

12. That bat of claim 4 where said sheets of fiber fabric are 
each comprised of at least one inner glass fiber or Kevlar® 
layer and first, second and third outer layers of graphite fiber, 
said inner layer being disposed with its fibers aligned with 
a longitudinal axis of the bat, the first outer layer being 
aligned with its fibers arrayed ciraunferentially and normal 
to the fibers of the inner layer, the second and third outer 
layers being arrayed with their fibers at 45° with respect to 
the inner and first outer layers. 

* * * * * 
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